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(57) Abstract 



TDMA communication system having forward channel 
communications and corresponding reverse channel communi- 
cations between mobile users and a zone manager in an arbi- 
trarily large broadcaster zone established by a broadcaster. The 
users are located within the broadcaster zone and the collectors 
are distributed in proximity to the broadcaster one. The zone 
manager operates to control the selection of users to form user 
groups and for selecting collectors to form collector groups such 
that the difference between the propagation times from broad- 
caster to user to collector among users active with the same 
collector does not exceed a synchronization error such that user 
reverse channel signals at the collector are isolated from each 
other. Users are selected such that each of the users in the user 
group are located at a distance from each of said other users 
in the user group not greater than a distance URma*. Collectors 
are selected such that each of the collectors in a collector group 
is located at a distance from each of the other collectors in the 
collector group not greater than a distance CR^u where CRnuu 
is a value such that user reverse channel signals at the collectors 
are isolated. 
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TITLE 

METHOD AND APPARATUS FOR TDMA WIRELESS 
COMMUNICATION 
EMPLOYING COLLECTOR ARRAYS FOR RANGE EXTENSION 

CROSS REFERKNTrK 

This application is a continuation-in-part of application SC/Serial No. 
08/544,913 filed October 18, 1995 entitled METHOD AND APPARATUS 
FOR WIRELESS COMMUNICATION EMPLOYING COLLECTOR 
5 ARRAYS, assigned to the same assignee as this application. 

BACKGROYTNTP OF TffF mVFNTTn^ 
The present invention relates to the field of two-way wireless 
communication systems and more specifically to methods and apparatus for 
0 communication with mobile telephone users (cellular and personal 
communication systems), basic exchange telecommunications radio, wireless 
data communications, two-way paging and other wireless systems. 

A portion of the disclosure of this patent document 
contains material which is subject to copyright protection. The 
copyright owner has no objection to the facsimile reproduction 
by anyone of the patent document or the patent disclosure, as 
it appears in the Patent and Trademark Office patent file or 
records, but otherwise reserves all copyright rights whatsoever. 
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Conventional Cellular Systems 

The present day cellular mobile telephone system developed due to a 
large demand for mobile services that could not be satisfied by earlier systems. 
The cellular system "raises" frequency within a system of cells to provide 
5 wireless two-way radio frequency (RF) communication to large numbers of 
users. Each cell covers a small geographic area and collectively an array of 
adjacent cells covers a larger geographic region. Each cell has a dedicated 
fraction of the total amount of RF spectrum which is used to support cellular 
users located in the cell. Cells are of different sizes (for example, macro-cell 

10 or micro-cell) and are generally fixed in capacity. The actual shapes and sizes 
of cells are complex functions of the terrain, the man-made environment, the 
quality of communication and the user capacity required. Cells are connected 
to each other via land lines or microwave links and to the public-switched 
telephone network (PSTN) through telephone switches that are adapted for 

15 mobile communication. The switches provide for the hand-off of users from 
cell to cell and thus from frequency to frequency as mobile users move between 
cells. 

In conventional cellular systems, each cell has a base station with RF 
transmitters and RF receivers co-sited for transmitting and receiving 

20 communications to and from cellular users in the cell. The base station employs 
forward RF frequency bands (carriers) to transmit forward channel 
communications to users and employs reverse RF carriers to receive reverse 
channel communications from users in the cell. Conventional forward channel 
communications are static in that they employ fixed power, at fixed frequencies 

25 and have fixed sectors if sectorized antennas are used. 

The forward and reverse channel communications use separate frequency 
bands so that simultaneous transmissions in both directions are possible. This 
operation is referred to as frequency domain duplex (FDD) signaling. Although 
time domain duplex (TDD) signaling, in which the forward and reverse channels 
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take turns using the same frequency band is possible, such operation is not part 
of any widespread current cellular implementation. 

The base station in addition to providing RF connectivity to users also 
provides connectivity to a Mobile Telephone Switching Office (MTSO). In a 
typical cellular system, one or more MTSO's will be used over the coverage 
region. Bach MTSO can service a number of base stations and associated cells 
in the cellular system and supports switching operations for routing calls 
between other systems (such as the PSTN) and the cellular system or for routing 
calls within the cellular system. 

Base stations are typically controlled from the MTSO by means of a 
Base Station Controller (BSC). The BSC assigns RF carriers to support calls, 
coordinates the handoff of mobile users between base stations, and monitors and 
reports on the status of base stations. The number of base stations controlled by 
a single MTSO depends upon the traffic at each base station, the cost of 
interconnection between the MTSO and the base stations, the topology of the 
service area and other similar factors. 

A handoff between base stations occurs, for example, when a mobile 
user travels from a first cell to an adjacent second cell. Handoffs also occur to 
relieve the load on a base station that has exhausted its traffic-carrying capacity 
or where poor quality communication is occurring. The handoff is a 
communication transfer for a particular user from the base station for the first 
cell to the base station for the second cell. During the handoff in conventional 
cellular systems, there is a transfer period of time during which the forwanl and 
reverse communications to the mobile user are severed with the base station for 
the first cell and are not established with the second cell. A typical 
conventional cellular system has the transfer period designed to be less than 100 
milliseconds. 

Conventional cellular implementations employ one of several techniques 
to reuse RF bandwidth from cell to cell over the cellular domain. The power 
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received from a radio signal diminishes as the distance between transmitter and 
receiver increases. All of the conventional frequency reuse techniques rely upon 
power fading to implement reuse plans. In a frequency division multiple access 
(FDMA) system, a communications channel consists of an assigned particular 
5 frequency and bandwidth (carrier) for continuous transmission. If a carrier is 
in use in a given cell, it can only be reused in cells sufficiently separated from 
the given cell so that the reuse site signals do not significantly interfere on the 
carrier in the given cell. The determination of how far away reuse sites must be 
and of what constitutes significant interference are implementation-specific 

10 details. The cellular Advanced Mobile Phone System (AMPS) currently in use 
in the United States employs FDMA communications between base stations and 
mobile cellular telephones. 

In time division multiple access (TDMA) systems, multiple channels are 
defined using the same carrier. The separate channels each transmit 

IS discontinuously in bursts which are timed so as not to interfere with the other 
channels on that carrier. Typically, TDMA implementations also employ FDMA 
techniques. Carriers are reused from cell to cell in an FDMA scheme, and on 
each carrier, several channels are defined using TDMA methods. 

In code division multiple access (CDMA) systems, multiple channels are 

20 defined using the same carrier and with simultaneous broadcasting. The 
transmissions employ coding schemes such that to a given channel on a given 
carrier, the power from all other channels on that carrier appears to be noise 
evenly distributed across the entire carrier bandwidth. One earner may support 
many channels and carriers may be reused in every cell. 

25 In space division multiple access (SDMA) systems, one carrier is reused 

several times over a cellular domain by use of adaptive or spot beam-forming 
antennas for either terrestrial or space-based transmitters. 
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TDMA Conventional Cellular Architectures 

In TDMA systems, time is divided into time slots of a specified 
duration. Time slots are grouped into frames, and the homologous time slots in 
each frame are assigned to the same channel. It is common practice to refer to 
5 the set of homologous time slots over all frames as a time slot. Each logical 
channel is assigned a time slot or slots on a common carrier band. The radio 
transmissions carrying the communications over each logical channel are thus 
discontinuous. The radio transmitter is off during the time slots not allocated 
to it. 

10 Each separate radio transmission, which should occupy a single time 

slot, is called a burst. Each TDMA implementation defines one or more burst 
structures. Typically, there are at least two burst structures, namely, a first one 
for the initial access and synchronization of a user to the system, and a second 
one for routine communications once a user has been synchronized. Examples 

15 of such structures are given in FIGS. 2 and 3. Strict timing must be maintained 
in TDMA systems to prevent the bursts comprising one logical channel from 
interfering with the bursts comprising other logical channels in the adjacent time 
slots. When bursts do not interfere, they are said to be isolated. Burst-to-burst 
isolation may be quantified in several ways. One measure is the minimum 

20 signal-to-interference ratio between the burst intended for a time slot and the 
bursts intended for the preceding and following time slots, said minimum ratio 
being taken over the infonnation-carrying length of the burst in question. If this 
ratio never drops below an implementatiorhspecific value, the burst is said to be 
isolated from the adjacent bursts. In the event that this safety margin is violated, 

25 another measure of isolation is the fraction of the total burst for which the 
margin is violated. This measure may be a weighted measure if the importance 
of data or the degree of coding protection afforded the data varies over the 
length of the burst. Data variation over the burst is typical in TDMA 
implementations. 
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The isolation of one burst from the preceding and following bursts is 
crucial for TDMA systems. The defined burst structures are constructed to assist 
in the isolation process. A burst theoretically cannot completely fill its allotted 
time slot because radio transmitters neither commence nor cease transmitting 

5 instantaneously. TDMA implementations therefore allow time for radio signal 
strength to ramp up and to ramp down in each of the defined burst structures. 
During normal communications to and from a synchronized user, each burst 
does not quite fill its specified time slot. A guard period, T G , is inserted before 
or after each normal burst to allow for timing mismatches, multipath delays, and 

10 inaccuracies within the system. The initial synchronization bursts for accessing 
the system fill even less of a time slot than do normal bursts. Hie long guard 
period, T w , for synchronization bursts is used to overcome the timing 
mismatches caused by the unknown separation between a user and the base 
station. 

15 Within a cell, the base station maintains a time base which users 

synchronize to during initial access. User synchronization to a particular base 
station is achieved using synchronization bursts sent periodically on a specific 
carrier by that base station and the reply synchronization bursts sent by the user. 
Those reply transmissions will arrive delayed at the given base station by the 

20 propagation time for radio signals over the separation between the user and the 
given base station. The separation is generally unknown because the users are 
mobile. Not only is a burst delayed, but in the cellular multipath environment, 
multiple copies of the burst are received over some delay spread corresponding 
to multipath reception over reflected paths of varying lengths. A digital signal 

25 processing technique known as equalization is commonly used in RF 
communications to correct for multipath delay spreading and fading. After 
equalization, the base station can measure a single skewing delay time for the 
user synchronization burst. The base station then commands the user to correct 
for this delay time by time advancing the user bursts by an equal time interval. 
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Thus each individual user has a time base set by the base station to ensure that 
the transmissions from all users will arrive back at the base station in 
synchronization with the base station time base. 

These burst structures are detailed for two typical conventional cellular 
5 TDMA implementations. Under the European-defined "Global system for 
mobile communications" (GSM) standard, which is substantially copied in the 
United States within the PCS 1900 standard, each RF carrier occupies 200 kHz 
of bandwidth. Each carrier is divided into time slots of 577 ^s, organized into 
8-slot frames lasting 4.615 ms. Each physical channel receives one time slot per 

10 frame, and a variety of logical channels may be constructed on a physical 
channel. The digital coding scheme used in GSM has a bit length of 3.69 ps. 
A normal speech burst consists of 148 bits of information followed by 8.25 bits 
of guard time. Thus for GSM, the standard is T G = 8.25 bits = 30.44 ps. The 
reverse channel synchronization (in GSM terminology, the random access) burst 

15 has 88 bits of signaling information followed by 68.25 bits of guard time. Thus 
for GSM, the T w = 68.25 bits = 252 /is. 

Under the IS 136 TDMA standard, each RF carrier occupies 30 kHz of 
bandwidth. Each carrier is divided into time slots of 6.67 ms, organized into 
6-slot frames lasting 40 ms. Each logical channel receives two time slots per 

20 frame. The bit length for IS136 is 20.58 ps. A normal reverse channel burst 
consists of 6 guard bits, 6 ramp bits, and 312 bits of mixed control signaling and 
data. Thus for IS136, T 0 = 6 bits = 123.48 ps. The reverse channel 
synchronization burst has a longer guard period of 38 bits, so that T^ = 38 bits 
= 782.0 fis for IS 136 

25 The T c and T w are principally used to counteract the effects of 

propagation path travel time and delay spread. These effects are collectively 
referred to as user time skew. Given the speed of light as approximately 3x1 0 8 
m/s, the maximum path lengths, D 0 and D^, are derived for which the guard 
periods will compensate for the user time skew. For GSM, T 0 = 30.44 fis so 



WO 97/40639 



PCT/US97/06188 



that D 0 = 9.13 km. Similarly, = 252 /xs so that = 75.6 km. For 
IS136, T G = 123.48 ps, D Q = 37.5 km, = 782.0 /is, and = 234.6 
km. As an additional constraint for GSM, the maximum timing advance which 
can be commanded for a user is 64 bits = 236.2 ps, which equates to 70.85 km. 
5 Both the GSM and IS136 TDMA cellular implementations use equalization and 
convolution^ coding to correct for multipath delay spreading of a burst. 
However, if delayed versions of a burst arrive more than T Q late, they may 
interfere with the burst from another source intended to arrive in the following 
slot. Typically, signals arriving on paths many microseconds longer than the 
10 shortest path, which is the straight-line path, are received with much lower 
strength than the earlier signals, and the burst-to-burst interference is thus 
tolerable. 

In general for all current TDMA implementations, a maximum cell 
radius exists beyond which it is not possible to synchronize users. The 

15 maximum synchronization radius, R ByncbHBAX is found by dividing by 2, since 
the delay found for the initial synchronization burst is equal to the round-trip 
travel time from the base station to the user and back. For longer travel time, 
the initial synchronization bursts are not completed prior to the end of the time 
slot in which they are to be received, and the system will not recognize the 

20 communication as a request for synchronization. Thus R^nd^ = 35.4 km for 
GSM implementations and R iyDCk4lut = 117.3 km for IS136 implementations. 
These distances define the cell sizes. If larger cells are desired, then channel 
assignment schemes which leave empty time slots between all pairs of time slots 
in use can be employed, but such operation is at the expense of capacity. 

25 In accordance with the above background, the cell size and capacity 

problems resulting from user signal skew create a need for unproved wireless 
communication systems which overcome the inherent capacity, cell size, and 
other limitations of conventional cellular systems. 
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SUMMARY OF THE INVENTION 
The present invention is a communication system having a plurality of 
forward channel communications and a plurality of corresponding reverse 
channel communications between a plurality of mobile users and a zone manager 
5 in an aibitrarily large broadcaster zone established by a broadcaster that is part 
of a zone manager. The users arc located within the broadcaster zone. A 
plurality of collectors are distributed in proximity to the broadcaster zone at 
spaoed-apart locations for receiving reverse channel signals from the users and 
forwarding the reverse channel signals to aggregators that arc part of the zone 
10 manager. The zone manager operates to control the selection of users to form 
user groups and for selecting collectors to form collector groups. 

The users and collectors arc selected such that the difference between 
the propagation times from broadcaster to user to collector among users active 
with the same collector does not exceed a synchronization error such that user 
IS reverse channel signals at the collector are isolated from each other. 

In one embodiment, the users arc selected such that each of the users in 
the user group are located at a distance from each of said other users in the user 
group not greater than a distance UR^. In a communication system having 
guard periods, T G , between time slots for operating with a TDMA protocol 
20 where the guard periods establish a guard period distance, D Q , the distance 
UR^ is, for example, approximately equal to one half the guard period distance 
D G . Users in the user group located within a circle of radius J>JA satisfy the 
condition. 

In another embodiment, the communication system selects collectors 
25 such that each of the collectors in a collector group is located at a distance from 
each of the other collectors in the collector group not greater than a distance 
CRwx where CR^ is a value such that user reverse channel signals at the 
collectors are isolated. For example, CR^ is approximately equal to the guard 
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period distance D 0 . Collectors located within a circle of radius D Q /2 satisfy the 
condition. 

In another embodiment, the aggregator combines the user reverse 
channel signals for each of the users from a plurality of collectors to form a 
combined signal where the combined signal for each of the users is isolated from 
the combined signal for each of the other users irrespective of whether or not the 
user reverse channel signals at the collectors are isolated. 

In another embodiment, the communication system has long guard 
periods, Tuq, between time slots for operating with a TDMA protocol where the 
long guard periods establish a long guard period distance, D^, wherein 
unsynchronized users are recognized when the users are within a distance 
of any collector irrespective of the distances of the unsynchronized users from 
the broadcaster. New users to be initially synchronized can be recognized at 
arbitrarily far distances from the broadcaster and hence the range of the 
communication system is arbitrarily large. 

The foregoing and other objects, features and advantages of the 
invention will be apparent from the following detailed description in conjunction 
with the drawings. 

tmtof nracR TPrroN of the drawings 

FIG. 1 depicts a multiple collector system for wireless users in 
broadcaster zones. 

FIG. 2 depicts a representation of an eight slot TDMA frame of the type 
used in GSM systems. 

FIG. 3 depicts a representation of a six slot TDMA frame of the type 
used in IS 136 systems. 

FIG. 4 depicts a representation of two sequential TDMA time slots for 

two users. 
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FIG. 5 depicts a user group from the FIG. 1 system which has signals 
from each single user transmitted to multiple collectors of a collector array. 

FIG. 6 depicts one of the user groups of the FIG, 1 system with two 
collectors and two users. 
S FIG. 7 depicts an embodiment of the FIG. 1 system in which collectors 

in a collector array are located within CR^ of each other. 

FIG. 8 depicts a representation of the distances of the signal paths of the 
FIG. 7 embodiment. 

FIG. 9 depicts an embodiment of the FIG. 1 system in which users 
10 located within UR^ of each other form a user group. 

FIG. 10 depicts a representation of the distances of the signal paths of 
the FIG. 9 embodiment. 

HG. 11 depicts a user group from the FIG. 1 system which has signals 
from each single user transmitted to multiple collectors of a collector array. 
15 FIG. 12 depicts the time slot timing of an embodiment of the FIG. 1 1 

system in which signals from each of a number of users are transmitted to 
different collectors and are aggregated to form a composite user signal for each 
user. 

20 nPTATT T?n n PSCRIPTTON 

Zones With Multiple Collectors - FIG 1 

In FIG. 1, one zone manager (ZM) 20-1 includes a broadcaster (B) 16-1 
that establishes a broadcast range, BR l9 for broadcasting forward channel 
transmissions to a plurality of users in a first zone defined by the range of BR,. 

25 In a similar manner, one or more other zone managers, such as zone manager 
(ZM) 20-2 include a broadcaster (B), such as broadcaster 16-2 establishes a 
broadcast range, such as BR^ for broadcasting forward channel transmissions 
to a plurality of users in a second zone defined by the range of BR^. The zone 
managers 20-1 and 20-2 of HG. 1 are controlled by a region manager 12. Hie 
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details concerning the structure and operation of the region manager are 
described in the above-identified cross-referenced application. 

In FIG. 1, the zone manager (ZM) 20-1 and broadcaster (B) 16-1 
establish the broadcast range, BR,, for broadcasting forward channel 
5 transmissions to a plurality of users in user groups 18-1, 18-c, 1 8-U that 
are within the broadcast zone. The user group 18-1 includes users designated 
U(l;l), U(l;2), 11(1:11!), the user group 18-c includes users designated 
U(c;l), U(c;u), UteUJ, and the user group 18-U includes users 
designated U(U;1), U(U;2), U(U;U 0 ). Each of the users of user groups 18- 

10 1, 18-c, 18-n (hereinafter sometimes referred to as users 18) has a 
receiver antenna for receiving broadcasts on the forward channel from the 
broadcaster 16-1 of zone manager 20-1. Also, each of the users 18 has a 
transmitter that transmits on the reverse channel establishing, for each user, a 
user range (UR) that in general covers a more limited area than that covered by 

15 the broadcaster range, BR. In FIG. 1, the user range, UR^i,, is shown for 
userU(cjl). 

In one embodiment, the users of group 18-1 are located in close 
proximity to a CI collector 19-1, the users of group 18-c are located in close 
proximity to a Cc collector 19-c, and the users of group 18-U are located in 

20 close proximity to a CXI collector 19.-U The collectors 19-1, 19-c, 19- 
U (each generally identified as a collector 19) have receiver antennas for 
receiving transmissions from users 18. Each collector 19, in addition to 
receiving the reverse channel communications from users 18, also has 
forwarding means, such as a transmitter, for forwarding the reverse channel 

25 communications to an aggregator (A) 17-1 of the zone manager 20-1. While 
each of the collectors 19 in FIG. 1 have been described as single elements 
(collectors) sited at a single location, they also may be multiple elements 
(collectors) sited at different locations. The sites of collectors 19 may be within 
the range BR, or may be beyond the range BR } but within the range of users 18 

12 
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that are in the range BR X . In either case, the collectors 19 are in proximity to 
broadcasting zone established by BR,. 

Hie distances from the broadcaster 16-1 and the aggregator 17-1 to the 
collectors 19 may be arbitrarily laige. In general, therefore, it can be assumed 
5 that any particular U(c;u) user in the group located near a particular Cc collector 
19 may beat a sufficient range from the broadcaster 16-1 so as to violate in the 
absence of the present invention, the range limitations for synchronized base 
station-user communications established in the particular TDMA implementation 
in use. Examples of conventional TDMA timing are shown in FIG. 2 and FIG. 
10 3. In connection with the present invention, the broadcaster 16-1 and the 
aggregator 17-1 may or may not be co-sited. 

GSM and PCS 1900 Frame Timing - VIC, 7 

In FIG. 2, the TDMA frame timing for a GSM system is shown by way 
15 of example. The GSM frame includes time slots of different types including one 
with a long guard period of 68.25 bits and one with a normal guard period 
T 0 of 8.25 bits. The time slot with a long guard period is used during 
synchronization transfers and the time slot with a normal guard period is used 
during normal information transfers. 

20 

IS 136 Frame Timing - FTP 3 

In HG. 3, the TDMA frame timing for a IS 136 system is shown by way 
of example. Hie IS136 frame includes time slots of different types including 
one with a normal guard period T G having 6 guard (G) bits and 6 R bits and 
25 including one with a long "guard period" T^ of 6 G bits, 12 R bits, and 38 
additional guard (AG) bits. The time slot with a long guard period is used 
during synchronization and the time slot with a normal guard period is used 
during normal information transfers. 

13 
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Transmission Times - FIG, 1 

In FIG. 1, a transmission time, T, from the broadcaster 16-1 of the zone 
manager 20-1 to any user 18 and from that user 18 back to the aggregator 17-1 
of zone manager 20-1 is defined to be the sum of the forward channel radio 

S wave travel time, T f , and a reverse channel travel time, T r . The transmission 
time for each user, such as a typical user, U(c;u), is a function of the distance, 
D[B:U(c;u)]> between the broadcaster 16-1 and the U(c;u) user 18, the distance, 
D [U(c;u):Cc], from the U(c;u) user 18 to the collector 19-c, and distance D 
[Cc:A] from the Cc collector 19 to the aggregator 17-1. 

10 In FIG. 1, the distance, D [B:U(c;u)], from the zone manager to a 

typical U(c;u) user 18 is variable since the users are mobile. Similarly, the 
distance, D [U(c;u):Cc], from u(c;u) user 18 to the collector 19-c again is 
variable since the users are mobile. The distance D [Cc:A] from the Cc 
collector 19 to the aggregator 17-1 is generally known since the collectors are 

15 generally stationary. 

For ease of exposition in the following description, the propagation 
times are considered to be the minimum possible, that is, those due to 
straight-line propagation between transmitter and receiver, even in cases where 
no direct line of sight is available. In practice, multipath signals exist and must 

20 be considered. The least-delayed signal is the first to arrive at the reception 
point. Signals with larger delays arrive after the first-to-arrive signal and 
continue to arrive over some time delay spread. 

In the forward channel, the forward channel travel time, T f , for each 
user 18, such as a particular U(c;u) user 18 of user group 18-c, is given by: 

25 

T f (B.Ufru)) = (D[B:U(c-u)])fv Eq. (1) 
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where: 

(D [B:U(c;u)]) = distance from B broadcaster 16 to 

U(c;u)userl8 
v = speed of light in the atmosphere 

5 

In the reverse channel, the reverse channel travel time, T r , from the 
particular Cc collector 19 within the user range of the U(c;u) user 18 is as 
follows: 



T r = T r (U(c;u):Cc) + T r {CcA) ^ (2) 



10 



where, 



T r (U(c;u):Cc) = D [U(c;u):Cc]/v 
T r (Cc:A) « D[Cc:A]/v 

and where, 

15 D[U(c;u):Cc] = the variable distance from the 

particular U(c;u) user 18 to the 
particular Cc collector 19 
D[Cc:A] = the fixed distance from the Cc 
collector 19 to the A aggregator 

20 17. 

v = speed of light in the atmosphere 

The zone manager 20-1 establishes a time base TB B for the (B) 
broadcaster 16-1 and a time base TB A for the (A) aggregator 17-1. The time 
25 base IB„ is typically used as the reference time base. The time bases for all 
other system components are referenced to the reference time base. For any 
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component in a TDMA system, the time base marks the periodically recurring 
times at which time slots begin for that component 

Assuming that the zone manager broadcaster time base, TB B , is the 
reference, the time base, TB^, of the collector Cc is given as follows: 

5 

TB Cc = TB B + A Cc Eq. (3) 

where 

A Cc = time base adjustment for the particular Cc collector 19. 

10 Each particular U(c;u) user 18 has a time base TBu (c;u) which must be 

adjusted at least once during the duration of a connection to maintain system 
synchronization. The (B) broadcaster 16-1 periodically sends a burst of control 
data used for this purpose. When a particular U(c;u) user 18 receives this 
control burst, it uses the time of arrival of the burst to establish an initial time 

15 base TB^ relative to the broadcaster 16-1. This time base then lags the TB B 
broadcaster time base by an amount of time equal to the forward path 
propagation time from the broadcaster 16 to the user 18, T,(B:U(c;u)). 
Comparing the time bases for the users 18 and the collectors 19, this 
requirement can be expressed for any particular U(c;u) user 18 in the user group 

20 of any particular Cc collector 19-c as follows: 

TB U( ^ = TB B + T{B:U(c;u)) Bq. (4) 

The U(c;u) user 18 user sends a reply synchronization burst which 
arrives at the Cc collector 19-c delayed by the user-collector travel time, 
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T r (U(c;u):Cc). To avoid interference with other time slots on the carrier, these 
bursts from the user should arrive no later than the long guard period of the 
particular TDMA implementation in use, relative to the time base TB& of the 
Cc collector. This relationship may be summarized as: 



10 



T{B.U(c,u)) + T r (U(c-u):Cc) - A Cc < T a a,. (5) 



Once the Cc collector 19 receives a synchronization burst from a U(c;u) user 18, 
the signal is returned to the aggregator 17-1. 

Under one embodiment of the present invention, the Cc collector 19 
delays the return so that the signal arrives at the (A) aggregator 17-1 offset from 
the aggregator time base TB A by the same amount as at each Cc collector 19. 
Alternatively, the aggregator 17-1 adjusts the individual collector Cc returns to 
account for each collector-to-aggregator delay. The zone manager 20-1 
processes the synchronization messages and determines the location of each 
particular U(c;u) user 18 and the expected travel times T,(B:U(c;u)) and 
15 T r (U(c;u):Cc). Using this information, the zone manager 20-1 sets the time 
advancement, A^ to synchronize the particular U(c;u) user 18 to the particular 
Cc collector 19-c as follows: 

V*) = A cc " TfB:U(c,u)) - T r (U(c,u).Cc) ^ (6) 

In Eq. (6), a positive value for ,A U(c;n) indicates time advancement, 
whereas a negative value implies time delay at the user. The modified time base 
20 for the U(c;u) user 18 is then as follows: 

c*») = W b + T/fl:U(cp)) - A^ = TB B + T r (U(c;u):Cc) - Aq,. (7) 
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Eqs. (5) and (7) demonstrate the capability of the present invention to 
arbitrarily extend the range of TDMA cellular systems. Conventional cellular 
architectures cannot synchronize (without loss of capacity) users with ranges that 

5 give round trip transmission times greater than the long guard period (T^). By 
siting a collector with an independent time base in a region remote from the 
broadcaster, the present invention allows for coverage at arbitrary ranges from 
the broadcaster with no loss of capacity. 

FIG. 1, in one example, is an embodiment where groups of users are 

10 synchronized to a single collector. When more than one collector is used for a 
group of users, the optimal choice of user time advancement or delay when 
more than one collector is within user range is more complicated and will be 
described below. Also, users are generally mobile, and thus user location and 
the various radio signal travel times between system components change in time. 

15 The synchronization process, therefore, is repeated as needed based on criteria 
determined by the zone manager 20-1 or region manager 12, or may be 
routinely performed at times set by a system operator with regard to the 
expected velocities for users. 

The user groups in FIG. 1 operate with a TDMA protocol where the 

20 users 18 are assigned time slots (TS) within a common frequency band. Groups 
of time slots, called frames, are repeated, but each of the users' time slots 
remain the same from frame to frame. Each user operates in a bursting mode 
with its transmitter on to transmit only in its assigned time slot for each frame 
and with its transmitter off for the remaining time slots of the frame. 
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Arbitrarily Distant User Synchronization - KTH 1 

Hie range limitations of present TDMA applications have been shown 
to depend on the maximum difference in travel times between a user located 
arbitrarily close to a base station and a user located far from the base station. 
This maximum synchronization radius, R^^, was shown to equal D^l. 

Under one embodiment of the present invention, the time base of a 
remotely-sited collector, such as the Cc collector 19-c in FIG. 1, is adjusted to 
account for the one-way travel time from the broadcaster 16-1 to the Cc 
collector Then, the synchronization bursts from the users U(c;I),... U(c,u), 
...U(c;Uc) located within the distance D w of the Cc collector will arrive at the 
Cc collector 19-c within the allowed guard period. Once the collector returns 
these signals to the (A) aggregator 17-1, over the known fixed distance, and 
therefore delay, between the Cc collector 19-c and the (A) aggregator 17-1 , the 
control software code of die zone and region managers operates to recognize the 
synchronization requests from the users. This embodiment of the present 
invention allows for users to be located arbitrarily far from the broadcaster 
within the established broadcaster range. For example, a user U(x;x) traveling 
outside the broadcast zone at a distance that is much greater than the distance 
Dlo, will not be recognized. When the user travels to be within of any 
collector, for example, collector CI , the U(x;x) user will be recognized. After 
Ae user has been recognized, the zone manager 20-1 , or the region manager 12, 
assigns the user to the user group 18-1 and sets the user time base. 

Multiple User. Single Collector Timing - PTGs 1 And 4 

FIG. 4 depicts the broadcaster to user to collector communications links 
for normal communications traffic after synchronization is established for 
multiple users bring received by a single collector on the same carrier. In FIG. 
4, the time slots TSn and TS(n+ 1) are part of the frame structure for a carrier 
transmitted by the B broadcaster 16-1 of FIG. 1 for normal traffic forward 
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channel communications with the user group associated with the Cc collector 19- 
c of FIG. 1. Forpuiposes of explanation and referring to FIG. 1, time slot TSn 
and its homologous slots in the frame structure arc assigned for communications 
with user U(c;l), and time slot TS(n+l) and its homologous slots in the frame 
structure are assigned for communications with user U(c;2). 

Digital TDMA standards have implemented time offsets between 
forward and reverse channel communications. The time offset is designed to 
allow the user communications equipment to process incoming communications 
and outgoing communications sequentially, rather than simultaneously. For 
GSM systems, this offset is equal to three time slot periods. For IS 136 systems, 
the offset is one time slot period plus 88 bits. For ease of exposition, in FIG. 
4 this offset is not shown explicitly. The time line Tl refers to forward channel 
communications for those portions of FIG. 4 above the Tl time line. The time 
line T2 refers to reverse channel communications at times offset from the Tl 
time line by some implementation-dependent time offset, and applies to those 
portions of FIG. 4 between timelines Tl and T2. FIG. 4, without loss of 
generality, depicts a TDMA implementation for which the timing offset between 
forward and reverse communications is an integer multiple of the time slot 
period. Thus the time bases TBu l;0 and TB^, the adjusted time bases TB m 
and TBm, and the user synchronization timing offsets AU1 and AU2 arc shown. 

The users U(c;l) and U(c;2) receive the forward channel transmission 
from the broadcaster 16-1 at times that are shifted relative to the time base TBb 
of the broadcaster by the propagation times T,(B:U(c;l)) and T,(B:U(c;2)). 
Since the users are in general mobile and are in general not located at the same 
distance from the broadcaster, the time shifts or skews are not in general the 
same. 

Each of the users transmits a reverse channel transmission in its 
respective time slot on the paired reverse communications carrier frequency to 
the Cc collector. These transmissions are received at times that are shifted 
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relative to the time bases TB^.,) and TB U(c;2) by the propagation times 
TXU(c;l):Cc) and T r (U(c;2):Cc), these times in general being unequal. In oider 
that the transmitted burst from user U(c;l) not interfere with the transmitted 
burst from user U(c;2), the time bases of each user are adjusted by timing 
5 advances AU(c;l) and AU(c;2), abbreviated AU1 and AU2, respectively. As 
depicted in FIG. 4, this adjustment ensures that each burst arrives properly 
positioned at the commencement of its assigned time slot at the Cc collector 19. 
All of the pertinent timing variables for the evaluation of Eqs. (6) and (7) for 
both users are indicated in FIG. 4. 

10 The defined guard period T 0 separates the user bursts at the broadcaster, 

and saves as the allowed margin for error at the collector. If timing mismatch, 
malfunction, or excessive delay spreading occurs, the guard period will ensure 
that communications are not disrupted. 

The U(c;u) users 18 are in general mobile, and thus the synchronization 

15 procedure must be periodically updated to reflect the changing locations, and 
thus the changing propagation times from the U(c;u) users 18 to the B 
broadcaster 16-1 and the Cc collector. 

Single User at Multiple Colle ctors - FIG. 5 
20 Once synchronization of any user 18, for example user Ul, to a CI 

collector is established, then that user Ul may be synchronized to other 
collectors, such as collectors C2 and C3, as depicted in FIG. 5. This operation 
fixes the user time base correction, A vu given an arbitrarily chosen CI collector 
19 time base TB C1 . 

25 The user transmission power establishes a user range UR1, indicated in 

FIG. 5, over which received signal strengths at collectors are at power levels 
sufficiently above the ambient noise floor to be useable, an 
implementation-dependent requirement. Transmissions from the Ul user 18 will 
in general arrive at various times relative to the time base of each other Cc 
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collector 19 in the user range UR l5 for example C2 and C3. To ensure that the 
transmissions arrive at the start of an assigned time slot for each of these, the 
time bases TB Cc of the other Cc collectors 19 must be adjusted to reflect the 
various propagation times T r (Ul:Cc) from the Ul user 18 to each of them. 
5 If the other Cc collectors have previously been synchronized to other 

users, for example U2 and UU transmitting on the particular carrier assigned 
for communications to the Ul user, this synchronization would have to be 
updated by changing the time bases of any other users 18 transmitting to any 
other Cc collectors. If in turn any of the other users 18 are within range of the 

10 C2 collector, the overall synchronization becomes a complex process for which 
several embodiments of operating procedures are described below. 

If overall synchronization is not efficiently accomplished, the total 
system capacity will be reduced. Unsynchronized communications are in 
general possible only if time slots within the TDMA frame structure on each 

IS carrier are skipped to avoid burst-to-burst interference between signals from 
different mobile users. The operating procedures described below retain the 
theoretical full capacity of the cellular system and do not require that time slots 
be skipped. 

20 Multiple Users at Multiple Collectors - FIG. 6 

The timing requirements summarized in Eqs. (6) and (7) for a single 
user at a single collector are met in the specific cases of multiple users at one 
collector and of one user at multiple collectors. These requirements cannot be 
satisfied in general for multiple users at multiple collectors. The difficulty is 

25 depicted in HG. 6 for the case of two users transmitting to two collectors 19 on 
the same carrier. Since is the same for all users and collectors, Eq. (6) can 
be applied to set the two user timing advances A U(1;1} and A U(2;1) as follows: 
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Vn s A cj - Tffi:U(l;l)) - r r (t/(l;l):C7) 8(a) 

*</(2;n = A o ' r/ftt*2;l)) - 7 r (£/(2;l):C2) 8(A) *!• < 8 > 

for each user considered as a single user at its nearest collector. These equations 
are independent and solvable. However, for cross-synchronization, Eq. (6) may 
also be applied as follows: 

= *C2 ~ WU(V,l)) - Tr(U(l;l):C2) 9(a) 
Vi) = *a " TfB-U^X)) - Tr(U(2;l):CJ) 9(b) *!• < 9 > 

While Eq. 9(a) and Eq. 9(b) are also independent of each other, the set 
5 of equations Eq. (8) and Eq. (9) are not independent. Comparing the right hand 
side (FHS) of Eq. 8(a) and Eq. 9(a), and Eq. 8(b) and Eq. 9(b), it can be seen 
that the coupled equation set reduces to the following: 

*ci - T r (U(\\\):Cl) = A C2 - T r (U(\-\yC2) 10(a) 

A a - T r (U(2,l):C2) = A c/ - T r (U(2,l):CJ) 10(b) ^ < 10 > 

which is solvable only if 

r r ((/(l;l):C2)-r r (C/(2;l):C2) = T r (U(l;l):Cl) - T r (U(2;\):Cl) Eq. (11) 

Eq. (11) indicates that perfect simultaneous synchronization for two users at two 
0 collectors may only be achieved when the difference in propagation times from 
each user to the first collector equals the difference in propagation time from 
each user to the second collector. While Eq. (1 1) is solved by particular values 
of the various user-to-collector reverse transmission times T r , it is not solved in 
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general. Since users may be mobile and the values of T r will change, the two 
users cannot always be maintained in perfect synchronization at the two 
collectors. 

The guard period T 0 is used to compensate for imperfect 
5 synchronization. Without loss of generality, consider TDMA systems where the 
guard period is specified to be at the end of a burst. The forgoing argument 
would be similarly constructed if the guard period were set at the beginning of 
each burst, or divided in some manner between the beginning and the end. The 
synchronization error SE(U(c;u):Cc), for any U(c;u) user 18 and any Cc 
10 collector 19, is the difference between the time of arrival of user bursts at the 
collector and the collector time base TB^, which is when the collector expects 
the burst to arrive. A burst may arrive as late as the guard period T G and still 
be completed within its allocated time slot. That is, burst isolation is achieved 
when the following expression is satisfied: 

SE(U(cp):Cc) < T G Eq. (12) 



15 The synchronization error is thus constrained by the guard period T 0 . The 

maximum timing mismatch may either be expressed in units of time as T 0 , or 

in units of distance as D 0 . 

Now reconsider the case of two users at two collectors depicted in FIG. 

6 and described in Eqs. (8-11). Each user may be perfectly synchronized to the 
20 collector nearest it, as described in Eq. (8). This implies SE(U(1;1):C1) = 

SE(U(2;1):C2) = 0. Examination of Eqs. (8-11) then reveals the 

synchronization conditions 

SE(U(l,\);C2) = T,(U(l,\).C2) - T r (U(\;l).CJ) < T a 13(a) 
SE(U(2;iy,Cl) = T r (U(2;\):CJ) - T r (U(2;l):C2) < T G \3(b) ^ 
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Transmission from the two users will be contained within their assigned 
time slots at both collectors if Eq. 13(a) and Eq. 13(b) are satisfied. In the 
general case of multiple users at multiple collectors, an array of synchronization 
5 conditions like Eq. (13) is generated. 

Collector Gmnp Operations - FTGs. 7 and ft 

One way to satisfy the synchronization requirements for multiple users 
and multiple collectors is to group the collectors which receive user 

10 transmissions on a particular carrier. This grouping of collectors is depicted in 
FIG. 7. If a user, for example Ul, is synchronized at one of the collectors, for 
example CI , in the group, then the synchronization error at any other collector, 
for example C2 or C3, in the collector group is small. In general users may be 
located in any direction from the group of collectors. The distances from users 

15 to the collectors of the group, the distribution of users, and the distribution of 
collectors within the group are arbitrary and have been depicted by way of a 
simple example in FIG. 7 without intended loss of generality. 

In FIG. 7, assume all the Cc collectors CI, C2, and C3 in the collector 
group share a common time base, TBqq. This time base is used to synchronize 

20 all of the users U(l,l), U(l,2), ...,U(l,u), U(1,U) assigned to time slots 
on the carriers received by the collector group of FIG. 7. Synchronization is 
applied by perfectly synchronizing any particular user such as user Ul to the 
particular collector CI within the group that is located nearest to that particular 
user. 

25 This synchronization is depicted in FIG. 8, where the closest collector 

to the Ul user is collector CI. Then, any user U (corresponding, for example, 
to User Ul in FIG. 7) synchronization error to every other collector Cc in the 
group, C2 and C3 in the example of FIG. 7, is computed based on the 
differences in the propagation times T f (U:Cc) for all other collectors Cc in the 
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collector group. In FIG. 8, collector C2 is selected as some typical one of the 
other collectors in the collector group. If some ones of the other collectors in 
the collector group are too distant from the particular collector, then the 
particular user will not satisfy the synchronization requirements for those ones 
5 of the other collectors. 

In FIG. 8, the distances D(U:C1) and D(U:C2) are abbreviated as D t 
and D 2 , and the separation between the collectors CI and C2 is abbreviated as 
D c . Algebraically, the synchronization requirement is stated as follows: 

SE(U.C2) = T r (U:C2) - T r (U:Cl) = (l/v)[Z> 2 - DJ < T G Eq. (14) 

or 

D 2 -D x < vT G = D G Eq. (15) 

10 where v is the speed of light. Referring to FIG. 8, the separation D c may be 
expressed in terms of D x and D 3 as 

D c =Z) 2 cos(8)-^£> 1 2 - D\ sin 2 (6) Eq. (16) 



which is maximized for 0 = 0 as D 2 - D 2 . Thus, the synchronization condition 
15 for synchronization based on collector groups is that no two collectors in the 
collector group may be farther apart from one another than a distance CR^, 
where for example, equals the distance vT 0 , which is designated as D 0 , 
the guard distance. If all pairs of collectors within the collector group satisfy 
this pairwise condition, then synchronized TDMA communications at full 
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TABLE 1. Zone Database 
COPYRIGHT © 1996 Cellular Telecom, Ltd. 

capacity are possible in accord with the present invention with any arbitrary 
range (limited in principle only by the broadcaster broadcast range). Under one 
embodiment of the present invention, this collector location requirement is 
satisfied by requiring that all collectors be sited within a circle of radius Dq/2. 

User Group Operations - FIGs. 9 and 10 

In FIG. 9, a second technique for meeting the synchronization 
requirements is achieved by groupie U(l,2), U(l,u), 

U(1,U) which will be assigned to time slots on a particular carrier. The time 
bases of all collectors, for example collector CI in FIG. 9, assigned to receive 
that carrier are adjusted so that bursts from any particular user in the user group 
are received in perfect synchronization, then bursts received from other users in 
the user group will be nearly synchronized. This grouping of users is a more 
dynamic operating scenario, because in general the users are mobile. In the 
previous case of collector groupings as described in connection with FIGs. 7 and 
8, the collectors are generally fixed in location. Thus a collector group, once 
defined, remains intact. User groups, in contrast, will be formed as users move 
close enough together such that synchronized communications become possible. 

User Group Operations 

The zone manager (ZM) of FIG. 1 performs real-time synchronization 
and control of the user groups using the zone database of TABLE 1. 

DSynch Maximum allowed distance for user from user group 

center 

NColl2Use Number of collectors to assign to each user group 

LightSpeed Speed of light in atmosphere 

NRegUsers Number of registered users in zone 
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TABLE 1 . Zone Database 
COPYRIGHT © 1996 Cellular Telecom, Ltd. 

NColls Number of collectors in zone 

NGroups Number of groups currently assigned to zone 

UserStatus(NRegUsers,8) 

5 For each registered user, 8 fields: 

(1) 0/1 Inactive/ Active 

(2) I If active, assigned to I-th group 

(3) J If active, assigned to J-th logical slot of group 

(4) - 1 ,X X-location if known 
10 (5) -1,Y Y-location if known 

(6) -1,DG Distance from group center 

(7) -1 ,DB Distance from broadcaster 

(8) T Timing advance 

IS BroadLoc(2) 

(1) X-location of broadcaster 

(2) Y-location of broadcaster 

CollLoc(NCoUs,2) 
20 For each collector, 2 fields: 

(1) X-location 

(2) Y-location 
CollStatus(NColls,NGroups) 

(1) 0/1 1 if collector is assigned to group 

25 

GroupStatus(NGroups,7) 

For each group currently assigned to zone, 7 fields: 

(1) F Carrier frequency 

(2) 0/1 Down or up (not in use/in use) 

30 (3) N Maximum number of slots available in group 

(4) 0/M Full/Open (All slots used/M slots empty) 

(5) X X-location of group center 

(6) Y Y-location of group center 

(7) n Number of collectors assigned to group 

35 
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TABLE 1. Zone Database 
COPYRIGHT © 1996 Cellular Telecom, Ltd. 

GroupSlots(NGroups,MAXSlots,3) 

For each group, for each available logical slot, 3 fields: 

(1) K K-th physical slot on carrier 

(2) 0/1 Empty/filled 

(3) 0,1 If filled, assigned to I-th registered user 

GroupColls(NGroups,MAXColls,2) 

For each group, for each collector assigned to group, 2 fields: 

(1) L the collector identifier 

(2) D Distance from L-th collector to group center 
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The zone database of TABLE 1 applies, for example, to the figures and 
description of the application as follows. 

In FIG, 9, as an example, for the ordered pair (User Group (1, 4), User 
Group (1,5)), DSynch is the cento location for all of the users Ul, U2, UU 
S and all of the users are located within the circle 18-1 having radius 
UR nux = DSynch. 

In FIG. 9, the number of collectors, NColl2Use, assigned to the user 
group 18-1 is 3 corresponding to the collectors CI, C2 and C3. 

In FIG. 9, the number of registered users, NRegUsers, is UU and 
10 includes the users Ul , U2, . . . , UU where the number UU may be any integer 
number such as 10, 100 or larger. 

In the FIG. 9, only one zone is shown and the number of total 
collectors, NColls, is equal to 4 and includes the collectors CI, C2, C3 and C4. 
In FIG. 9, the number of user groups, NGroups, is 1 for simplicity of 
15 explanation. By way of comparison, in Fig. 1, the number of user groups for 
zone 1 is U corresponding to groups 18-1, 18-c, 18-U. 

In TABLE 1 , the UserStatus for each registered user is contained in 
eight fields. The first field in Inactive/ Active field to establish whether or not 
the user is active or inactive. The second field is the group number. For 
20 example, in FIG. 1, one of the groups 18-1, 18-c, 18-U is identified in 
the second field. The third field establishes the logical time slot for the group. 
For a TDMA system having eight time slots, the logical slots from frame to 
frame are ordered LI, L5, L2, L6, L3, L7, L4, L8. The physical time slots, 
referring for example to FIG. 2, are ordered TS0, TS1, TS2, TS3, TS4, TS5, 
25 TS6, TS7. In TABLE 1 , the fourth and fifth fields identify the X-location and 
the Y-location of the user. Field 6 identifies the user distance from the group 
center which by way of example for U2 is DG 2 in FIG. 9. Field 7 represents 
the user distance from the broadcaster which is shown as DBj in FIG. 9 for user 
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U2. Field 8 indicates the amount of the timing advance of the user's reverse 
channel broadcast to the collectors. 

In TABLE 1, the BroadLoc entry identifies the location of the 
broadcaster. 

5 In TABLE 1, the ColILoc entry for each collector identifies the location 

for each collector. 

In TABLE 1, the CollStatus entry indicates the status of each collector 
for each of the NGroups. 

In TABLE 1, the Group Status entry indicates for each group the carrier 

1 0 frequency, the in-use slate, the maximum number of slots available in the group, 
whether or not all slots are in use, the location of the group center, and the 
number of collectors assigned to the group. 

In TABLE 1 , the GroupSlots entry identifies the availability of logical 
slots and the correspondence between the logical slots and the physical slots. 

15 In TABLE 1, the GroupColls entry indicates for each group the 

collectors that are assigned to the group using the collector's identifier and the 
distance that the particular collector is from the group center. In FIG. 9, the 
distance D a for collector C3 from the center to collector C3 is shown. 

Control code for controlling various operations in the present invention 

20 is listed in TABLE 2. The control code is executed, for example, in the control 
means 14 of zone manager 20-1 of FIG. 1. Zone manager 20-1 is typical of all 
the zone managers. Further details of the zone manager 20-1 including the 
control means 12 are shown and described in the above-identified 
cross-referenced application. 

25 The control code of TABLE 2 uses the database of TABLE 1 to perform 

a number of control functions including adding a new user to an existing user 
group, deleting a user from an existing user group, creating a new user group, 
and updating the synchronization of an existing user group. With these and 
other operations, the zone manager through the control means 14 selects ones 
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of the plurality of users to form a user group (in FIG. 7, for example, users Ul , 
U2, Uu, UU) and selects ones of the plurality of collectors (in FIG. 7, 
for example, collectors CI, C2, and C3) to form a collector group. 

The control code of TABLE 2 uses the database of TABLE 1 for 
5 selecting ones of a plurality of users that are located within a distance of at least 
one of the collectors such that the synchronization error for each of the users is 
less than a predetermined value. For example, where the communication system 
has long guard periods, T^, between time slots for operating with a TDMA 
protocol, the long guard periods establish a long guard period distances, D^. 

10 Unsynchronized ones of the users are synchronized in the broadcaster zone when 
the unsynchronized users are within a distance of any collector such that the 
synchronization error for each of the users is less than a predetermined value. 

The control code of TABLE 2 operates in accordance with the 
description of FIG. 7 and selects ones of the collectors such that each of the 

15 collectors in the collector group is located at a distance from each of the other 
collectors in the collector group not greater than the distance CR^ where CR^ 
is a value such that user reverse channel signals at the collectors are isolated. 

The control code of TABLE 2 operates in accordance with the 
description of FIG. 9 and selects ones of the plurality of users such that each of 

20 the users in a user group is located at a distance from each of the other users in 
the user group not greater than a distance UR^ where UR^ is a value such that 
user reverse channel signals at the collector are isolated. 
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TABLE 2. Control Code For User Group Operation* 
COPYRIGHT © 1996 Cellular Telecom, Ltd. 



1 function status = AddUser( User ) 

2 if ( UserStatus(User,4) = = -1 ) 

3 status = -9; 

4 return; 

5 end; 

6 userX = UserStatus(User,4); 

7 useryY= UserStatus(User,5); 

8 oldGroup = 0; 

9 if ( UserStatus(User, 1) = = 1 ) 

10 oldGroup = UserStatus(User,2); 

11 end; 

12 nOff = 0; 

13 nOpen = 0; 

14 for group = LNgroups 

15 if ( GroupStatus(group,2) = = 0 ) 

16 nOff = nOff + 1; 

17 ofFGioup(nOff) = group; 

18 elseif ( GroupStatus(group,4) > 0 ) 

19 nOpen = nOpen + 1; 

20 openGroup(nOpen) = group; 

21 end; 

22 end; 

23 if (nOpen == 0) 

24 if (nOff == 0) 

25 DropCaU ( User ); % System call 

26 status = -99; 

27 return; 

28 else 

29 stat = OnGroup( offGioup(l), User ); 

30 status = stat; 

31 return; 

32 end; 

33 else 

34 fori = lrnOpen 

35 group = openGroup(i) 

36 groupX = GnoupStatus(group,5); 

37 groupY = GroupStatus(group,6); 
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TABLE 2. Control Code For User Group Operations 
COPYRIGHT © 1996 Cellular Telecom, Ltd. 



1 d2Group(i) = sqrt( (groupX-userX)*2 + (group Y-userY) A 2 ); 

2 end; 

3 [sorted,indi] = sort(d2 Group); 

4 nGood = 0; 

5 fori = lrnOpen 

6 testGroup = indi(i); 

7 if ( testGroup != oldGroup | soited(i) < DSynch ) 

8 nGood = nGood + 1; 

9 goodGroup(nGood) = testGroup; 

10 end; 

11 end; 

12 if ( nGood = = 0 ) 

13 if (nOff == 0) 

14 DropCaU ( User ); % System call 

15 status = -99; 

16 return; 

17 else 

18 stat = QnGroup( offGroup(l), User ); 

19 status = stat; 

20 return; 

21 end; 

22 else 

23 fori = 1: nGood 

24 group = goodGroup(i); 

25 stat = Add2Group( group, User ); 

26 if (stat == 1 ) 

27 status = stat; 

28 return; 

29 endif; 

30 end; 

31 if(nOff==0) 

32 DropCall ( User ); % System call 

33 status = -99; 

34 return; 

35 else 

36 stat = OnGroup( ofiPGroup(l), User ); 

37 status = stat; 

38 return; 

39 end; 
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TABLE 2. Control Code For User ftmii p Operations 
COPYRIGHT © 1996 Cellular Telecom, Ltd. 



1 end; 

2 return; 

3 end; 

4 function status = DropUser( Group, User ) 

5 slot = UserStatus(User,3); 

6 GroupSlots(Group,slot,2) = 0; 

7 GioupSlots(Group,slot,3) = 0; 

8 GroupStatus(Group,4) = GroupStatus(Group,4) + 1; 

9 if ( GroupStatus(Group,4) = = GroupStatus(Group,3) ) 

10 GroupStatus(Group, 2) = 0; 

11 end; 

12 UserStatus(User,l) = 0; 

13 UserStatus(User,2) = 0; 

14 UserStatus(User,3) = 0; 

15 UserStatus(User,6) = -1; 

16 status = 1; 

17 return; 

18 . end; 

19 function status = OnGroup( Group, User ) 

20 if ( GroupStatus(Group,2) = = 1 ) 

21 status = -13; 

22 return; 

23 end; 

24 if ( UserStatus(User,2) = = 1 ) 

25 doHandoff = 1; 

26 oldGroup = UserStatus(User,2); 

27 oldSlot = UserStatus(User,3); 

28 end; 

29 userX = UserStatus(User,4); 

30 userY = UserStatus(User^); 

31 d2Broad = sqrt( (BroadLoc(l)-userX) A 2 + (BroadLoc(2)-userY)*2 )• 

32 for coll = l.NColls 

33 collX = CollLoc(coU,l); 

34 coDY = CollLoc(coU,2); 

35 d2Co!l(coll) = sqrt( (collX-userX) A 2 + (collY-userY)*2 ); 
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TABLE 2. Control Code For User Group Operations 
COPYRIGHT © 1996 Cellular Telecom, Ltd. 



1 end; 

2 [soited,indi] = sort(d2Coll); 

3 fori = l:NColis2Use 

4 GroupColls(Group,i,l) = indi(i); 

5 GroupColls(Group,i,2) - sorted(i); 

6 CoUStatus(indi(i), Group) = 1; 

7 ModColl( indi(i) ); % System call 

8 end; 

9 GroupStatus(Group,2) = 1; 

10 GroupStatus(Group,4) = GroupStatus(Group,3)-l; 

1 1 GroupStatus(Group,5) = userX; 

12 GroupStatus(Group,6) = userY; 

13 GroupStatus(Group,7) = d2Broad; 

14 GroupStatus(Group,8) = NColls2Use; 

15 GroupSlots(Group,l,2) = 1; 

16 GroupSlots(Group,l,3) = User, 

17 if (doHandoff = = 1 ) 

18 GroupSlots(oldGroup,2) = 0; 

19 GroupSlots(oldGroup,3) = 0; 

20 GroupStatus(oldGroup,4) = GroupStatus(oIdGroup,4)+l; 

21 if ( GroupStatus(oldGroup,4) = = GroupStatus(oldGroup,3) ) 

22 GroupStatus(oldGroup,2) = 0; 

23 end; 

24 stat = UpdateGroup( oldGroup ); 

25 end; 

26 UserStatus(User,2) = Group; 

27 UserStatus(User,3) = 1; 

28 UserStatus(User,6) = sorted(l); 

29 UserStatus(User.7) = d2Broad; 

30 UserStatus(User,8) = ( d2Broad + sorted(l) )/LightSpeed; 

31 ModUser( User ) % System call 

32 return; 

33 end; 

34 function status = Add2Group ( Group, User ) 

35 nSlots = GioupStatus(Gioup,3); 

36 nUsers = 0; 

37 sumX = 0; 
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TABLE 2. Contml Code For User Gmnp Operations 

COPYRIGHT © 1996 Cellular Telecom, Ltd. 



1 sumY = 0; 

2 fori = l:nSlots 

3 if (GroupSlots(Group,i,2) == 1 ) 

4 nUsers = nUsers + 1; 

5 user(nUsers) = GroupSlots(Group,i,3); 

6 userX(nlIsers) = UserStatus(user(nUsers),4); 

7 userY(nUsers) = UserStatus(user(nUsers),5); 

8 sumX = sumX + userX(nUsers); 

9 sumY = sumY + userY(nUsers); 

10 d2Broad(nUsers) = UserStatus(user(nUsers),7); 

11 end; 

12 end; 

13 newCenX = sumX/nUsers; 

14 newCenY = sumY/nUsers; 

15 fori = 1, nUsers 

16 newDG = sqrt( (userX(i)-newCenX)"2 + (userY(i)-newCenY)"2 ); 

17 if ( newDG > Dsynch ) 

18 status = -14; 

19 return; 

20 end; 

21 end; 

22 GroupStatus(Group,4) = GroupStatus(Group,4) - 1; 

23 GroupStatus(Group,5) = newCenX; 

24 GroupStatus(Group, 6) = newCenY; 

25 UserStatus(User,2) = Group; 

26 fori = l:nSlots 

27 if ( GroupSlots(Group,i,2) = « 0 ); 

28 slot = i; 

29 GroupSlots(Group,i,2) = 1; 

30 GroupSlots(Group,i,3) = User; 

31 UserStatus(User,3) = slot; 

32 break; 

33 end; 

34 end; 

35 nGColls = GroupStatus(Group,7) 

36 uX = UserStatus(User,4); 

37 uY = UserStatus(User,5); 

38 for coU = lmGColls 

39 colTX = CollLoc(GroupColls(newGroup,coll),l); 
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TABLE 2, Control Code For User Group Operations, 
COPYRIGHT © 1996 Cellular Telecom, Ltd. 



1 collY = ColILoc(GroupColl5(DewGroup,coll),2); 

2 d2Coll(coll) = sqrt( (collX-uXT2 + (coUY-uY) A 2 ); 

3 end; 

4 [sorted,indi] = sort(d2Coll); 

5 UserStatus(User,8) = ( UserStatus(User,7) + sorted(l) )/LightSpeed; 

6 status = 1; 

7 return; 

8 end; 

9 function status = UpdateGroup ( Group ) 

10 nSlots = GroupStatus(Group,3); 

11 nUsers = 0; 

12 sumX = 0; 

13 sumY = 0; 

14 fori = l:nSlots 

15 if (GroupSlots(Group,i,2) = = 1 ) 

16 nUsers = nUsers + 1; 

17 user(nUsers) = GroupSlots(Group,i,3); 

18 userX(nUsers) = UserStatus(user(nUsers)»4); 

19 userY(nUsers) = UserStatus(user(nUsers),5); 

20 sumX = sumX + userX(nUsers); 

21 sumY = sumY + userY(nUsers); 

22 d2Broad(nUsers) = UserStatus(user(nUsers) ,7) ; 

23 end; 

24 end; 

25 newCenX = sumX/nUsers; 

26 newCenY = sumY/nUsers; 

27 fori = 1, nUsers 

28 newDG(i) = sqit( (userX(i)-newCenX) A 2 + (userY(i)-newCenY) A 2 ); 

29 end; 

30 [sorted,indi] = sort(newDG); 

31 fori = 1, nUsers 

32 if ( sorted(i) > DSynch ) 

33 stat = AddUser( user(indi(i)) ); 

34 if ( stat ! = 1 ) 

35 stat = DropUser( User ); 

36 end; 

37 stat = UpdateGroup{ Group ) 
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1 




end; 


2 


end; 




3 


GroupS tatus(Group,5) = newCenX; 


4 


GroupStatus(Group,6) = newCenY; 


5 


for coll = l:NColls 


6 




collX = CollLoc(coll,l); 


7 




collY = CollLoc(coll,2); 


8 
9 




d2Coll(coll) = sqrt( (collX-newCenX) A 2 + (coIlY-newCenY) A : 


10 


tsorted,indi] = sort(d2Coll); 


11 


fori = 


l:NColls2Use 


12 




GroupColls(Group,i,l) = indi(i); 


13 




GroupColls(Group,i,2) = sorted(i); 


14 




CollStatus(indi(i), Group) = 1; 


15 




ModColl( indi(i) ); % System call 


16 


end; 




17 


d2Coll 


= zeros(l ,GroupStatus(Group,7); 


18 


fori = 


l:nUsers 


19 




userX = UserStatus(users(i) ,4) ; 


20 




userY = UserStatus(users(i),5); 


21 




UserStatus(users(i),6) = sqrt( (newCenX-userX) A 2 


22 


(newCenY-userY) A 2 ); 


23 




d2Bnoad = UserStatus(users(i),7); 


24 




for j = l:GroupStatus(Group,7) 


25 




coll = GroupColls(Group,j,l); 


26 




collX = CollLoc(coll,l); 


27 




coUY = CollLoc(coll t 2); 


28 




d2CoU0) = sqrt( (collX-userX) A 2 + (collY-userY) A 2 ); 


29 




end; 


30 




sorted = sort(d2Coll); 


31 




UserStatus(users(i),8) = ( d2Broad + sorted(l) )/LightSpeed; 


32 




ModUser( users® ); % System call 


33 


end; 




34 


status = 


= stat; 


35 


return; 




36 


end; 





Under one embodiment of the present invention and for purposes of 
explanation, all Cc collectors assigned to receive the particular carrier utilized 
by the user group have their time bases TB a set so that they receive bursts from 
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the particular Uj user for which the total propagation time, T^U,) + 
T r (U,:Cc), is shortest. This relationship is depicted in FIG. 9 for the Cc 
collector CI representative of any collector. The synchronization is performed 
for any particular other user U 3 in the user group at any arbitrarily located 

S collector Cc, CI in the FIG. 9 example, which has been synchronized for user 
U,. This synchronization is depicted in FIG. 10, where the distances from the 
B broadcaster to the U, and U, users have been abbreviated as D^ :] and D^, the 
distances from the U t and Uj users to the CI collector have been abbreviated as 
D 1:C1 and D 2:C „ and the distance between the two users has been abbreviated 

10 D ]:3 . The synchronization requirement can then be stated as 

D BA+ D UCc - ( D B2 + *W < D G Eq. (17) 

or 

I 0*1 " D B:2 + D UCc " D 2:Cc I < D G Eq. (18) 

The left-hand side of Eq. (18) is maximized for <J> = 0 and 0 = -it at the value 
2D l:2 . Thus the synchronization condition for the user group can be stated as: 
no two users in the user group can be farther apart than a distance UR^, where 

15 for example, UR.^ equals the distance Dq/2. If all pairs of users within the 
user group satisfy this pairwise condition, then synchronized TDMA 
communications at full capacity are possible within the present invention of 
arbitrary range extension. Under one embodiment of the present invention, this 
user location requirement is satisfied by requiring that all users be located within 

20 a circle of radius Dq/4 about a group center established as the center for all users 
in the group. 
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More complex operations which combine user and collector groupings 
to achieve synchronization aie possible. These operations are especially useful 
in specific geometries, such as exist for mobile users confined to a highway. 

Aggregation Operations 

In FIG. 12, a multi-user, multi-collector embodiment is shown where 
users are any arbitrary range BR, from a broadcaster B. In the FIG. 11 system, 
the collectors CI, C2, and C3 of the collector group Cc return the radio 
communication signals they receive from users, such as users Ul, U2, UU, 
to the aggregator (A) 17. At the aggregator, the separate returns from the 
various collectors CI, C2, and C3 that receive transmissions from a particular 
user are combined to produce a combined signal with a quality, measured by 
metrics such as the bit error rate (BER), that is higher than that of the separate 
signals from only one collector. Under one embodiment of the present 
invention, synchronization is not strictly followed in the sense that bursts from 
users are allowed to collide (interfere with each other) at collectors. For each 
user, the aggregator processes parts of bursts from different collectors and those 
parts of each burst which are not clear, as determined by BER or other 
measurements, are discarded and those parts that are clear are combined to 
provide a composite signal. This operation is depicted in FIG. 12. 

Hie aggregator is a digital signal processor for processing the particular 
collector reverse channel signals from particular ones of the collectors to form 
the aggregator reverse channel signals as a representation of the user reverse 
channel signals. Further details concerning the structure and operation of the 
aggregator are described in the above-identified cross-referenced application. 

As in FIG. 4, the time lines Tl and T2 refer to communications within 
a TDMA implementation with a fixed timing offset between forward and reverse 
channel communications. The time line T3 refers to an offset which could be 
defined between the collector time base for receiving communications from 
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users and the time base for sending those communications back to the 
aggregator. If the aggregator time base TB A were set equal to the broadcaster 
time base TB B , this offset would correspond to the collector time base offset 
AC1 and AC2 plus any additional time added to allow for signal processing at 

5 the collectors. 

In FIG. 12, the collectors CI and C2 each receive the reverse channel 
signals from the users Ul and U2, by way of example. The timing of Ul with 
respect to CI is the same as described in connection with FIG. 4 for user 
U(c;l). The timing for U2 in FIGs 11 and 12 differs in that U2 is close to CI 

10 but far from C2. Consequently, a portion of the U2 burst collides with Ul at 
collector CI. Also, U2 is far from C2 and tends to be delayed at C2 and may 
collide with bursts from other users, such as user UU. Neither collector CI nor 
collector C2 has a full uncollided burst from the user U2, but each has a useable 
portion of theU2 burst. The aggregator 17 in FIG. 11 processes the bursts from 

IS collectors CI and C2 taking the Al portion from collector CI and the A2 
portion from collector C2. Portions Al and A2 overlap in a portion A3 that can 
be used from either collector CI or C2, or from both. 

While FIG. 12 has been described in connection with portions from two 
collectors portions of bursts from any number of collectors can be combined. 

20 The combination is controlled such that all parts of the full burst from each user 
are received without interference at some collector within the UR user range for 
each user. 
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CLAIMS 

1 . A communication system having a plurality of forward channel 
communications and a plurality of corresponding reverse channel communi- 
cations comprising, 
5 a plurality of users in a broadcaster zone, 

each of said users including user receiver means for receiving 
different user forward channel signals and including user 
transmitter means for broadcasting user reverse channel 
signals in a different user reverse channel, 
10 said plurality of users providing a plurality of different user 

reverse channels collectively into composite signals, 
a plurality of collector means distributed in proximity to said 
broadcaster zone at spaced-apart locations, each of said collector 
means including, 

15 collector receiver means for receiving said composite 

signals with reverse channel signals from ones of 

said plurality of users, and 
collector forwarding means for forwarding said user 

reverse channel signals from said ones of said 
20 plurality of users as collector reverse channel - 

signals, 

whereby said collector means are active to receive and 
forward user reverse channel signals from said 
ones of said plurality of users, 
25 zone manager means including, 

control means for selecting ones of said plurality of users to 
form a user group and for selecting ones of said plurality 
of collectors means to form a collector group, 
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broadcaster means including a broadcaster transmitter for 
broadcasting said plurality of user forward channel 
signals over a broadcaster range to said user group in 
said broadcaster zone, 

aggregator means for receiving said plurality of collector reverse 
5 channel signals from said ones of said collector groups. 

2. The communication system of Claim 1 wherein said control 
means selects said ones of said plurality of users and said ones of said plurality 
of collector means such that user reverse channel signals at said collectors are 

10 isolated. 

3. The communication system of Claim 1 wherein said control 
means selects said ones of said plurality of users and said ones of said plurality 
of collectors such that the differences between the sum for each user of the user 

15 forward channel signals' propagation time from broadcaster to user and the 
corresponding user reverse channel signals 1 propagation time from user to 
collector means for pairs of users having user reverse channel signals active at 
the same collector means does not exceed a synchronization error such that user 
reverse channel signals at said same collector means are isolated for said pairs 

20 of users. 

4. The communication system of Claim 3 wherein said control 
means selects said ones of said plurality of users such that each of said users in 
said user group is located at a distance from each of said other users in said user 

25 group not greater than a distance UR^ where UR^ is a value such that user 
reverse channel signals at said collector means are isolated. 
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5. The communication system of Claim 4 having guard periods, T 0 , 
between time slots for operating with a TDMA protocol where the guard periods 
establish a guard period distance, D 0 , wherein said distance UR^ is 
approximately equal to one half the guard period distance D a . 

5 6. The communication system of Claim 5 wherein said users in said 

user group are located within a circle of radius Dq/4. 

7. The communication system of Claim 3 wherein said control 
means selects said ones of said plurality of collector means such that each of said 
10 collectors in said collector group is located at a distance from each of said other 
collector means in said collector group not greater than a distance CR^ where 
CR^ is a value such that user reverse channel signals at said collector means 
are isolated. 

15 8. The communication system of Claim 7 having guard periods, T Gl 

between time slots for operating with a TDMA protocol where the guard periods 
establish a guard period distance, D G , wherein said distance CR^ is 
approximately equal to the guard period distance D Q . 

20 9. The communication system of Claim 8 wherein said collectors 

in said collector groups are located within a circle of radius Dq/2, 

10. The communication system of Claim 1 wherein said aggregator 
means combines the user reverse channel signals for each of said users from a 
25 plurality of said collector means to form a combined signal where the combined 
signal for each of said users is isolated from the combined signal for each of the 
other users irrespective of whether or not the user reverse channel signals 
received at ones of said collector means are isolated. 
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11. The communication system of Claim 1 having long guard 
periods, Tuj, between time slots for operating with a TDMA protocol where the 
long guard periods establish long guard period distances, D^, wherein 
unsynchronized ones of said users are synchronized in said broadcaster zone 
5 when said unsynchronized ones of said users are within a distance of any 
collector means irrespective of the distances of said unsynchronized ones of said 
users from said "broadcaster means. 
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12. A communication system having a plurality of forward channel 
communications and a plurality of corresponding reverse channel communi- 
cations comprising, 

a plurality of users in a broadcaster zone, 

each of said users including user receiver means for receiving 
different user forward channel signals and including user 
transmitter means for broadcasting user reverse channel 
signals in a different user reverse channel, 
said plurality of users providing a plurality of different user 
reverse channels each of said user reverse channels 
occupying a different user reverse channel bandwidth, 
one or more collector means each located at a collector location 
in proximity to said broadcaster zone, each of said col- 
lector means including, 

collector receiver means for receiving said 
composite signal including user reverse 
channels from ones of said plurality of 
users, and 

collector forwarding means for forwarding said 
user reverse channels from said ones of 
said plurality of users as collector reverse 
channel signals, 
zone manager means including, 

control means for selecting ones of said plurality of users that 
are located within a distance of at least one of said 
collector means such that the synchronization error for 
each of said ones of said plurality of users is less than a 
predetermined value, 
broadcaster means having a broadcaster transmitter for 
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broadcasting to said user group said plurality of forward 
channel signals using broadcaster signals to form a 
plurality of broadcaster forward channels in said broad- 
caster zone, 

aggregator means for receiving said plurality of corresponding 
5 reverse channel signals from said collector means. 

13. The communication system of Claim 12 wherein said 
communications arc according to a TDMA protocol having frames formed of a 
plurality of time slots, each time slot specified as including an information 

10 period and a guard period, said guard period provided as a buffer zone that can 
be occupied by an information period without said information period colliding 
with an information period of adjacent time slots. 

14. The communication system of Claim 12 wherein said control 
IS means selects said ones of said plurality of users and said ones of said plurality 

of collector means such that user reverse channel signals at said collectors are 
isolated. 

15. The communication system of Claim 12 wherein said control 
20 means selects said ones of said plurality of users and said ones of said plurality 

of collectors such that the difference between the sum for each user of the user 
forward channel signals' propagation time from broadcaster to user and the 
corresponding user reverse channel signals' propagation time from user to 
collector means for two users having user reverse channel signals active at the 
25 same collector means does not exceed a synchronization error such that user 
reverse channel signals at said same collector means are isolated for said two 
users. 
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16. The communication system of Claim 15 wherein said control 
means selects said ones of said plurality of users such that each of said users in 
said user group is located at a distance from each of said other users in said user 
group not greater than a distance UR^ where UR^ is a value such that user 
reverse channel signals at said collector means are isolated. 

5 

17. The communication system of Claim 16 having guard periods, 
T G) between time slots for operating with a TDMA protocol where the guard 
periods establish a guard period distance, D 0 , wherein said distance UE^ is 
approximately equal to one half the guard period distance D 0 . 

10 

18. The communication system of Claim 16 wherein said users in 
said user group are located within a circle of radius Do/4. 

19. The communication system of Claim 15 wherein said control 
15 means selects said ones of said plurality of collector means such that each of said 

collectors in said collector group is located at a distance from each of said other 
collector means in said collector group not greater than a distance CR^ where 
CR MI is a value such that user reverse channel signals at said collectors are 
isolated. 

20 

20. The communication system pf Claim 19 having guard periods, 
T 0 , between time slots for operating with a TDMA protocol where the guard 
periods establish a guard period distance, D Q , wherein said distance CR^ is 
approximately equal to the guard period distance D Q . 

25 

21. The communication system of Claim 20 wherein said users in 
said user group are located within a circle of radius Dq/2. 
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22. The communication system of Claim 12 wherein said aggregator 
means combines the user reverse channel signals for each of said users from a 
plurality of said collector means to form a combined signal where the combined 
signal for each of said users is isolated from the combined signal for each of the 
other users even where the user reverse channel signals received at ones of said 

5 collectors are not isolated. 

23. The communication system of Claim 12 having long guard 
periods, T^, between time slots for operating with a TDMA protocol where the 
long guard periods establish a long guard period distance, D^, wherein 

10 unsynchronized ones of said users are synchronized in said broadcaster zone 
when said unsynchronized ones of said users are within a distance D^, of any 
collector means irrespective of the distances of said unsynchronized ones of said 
users from said broadcaster means. 



50 



RECTIFIED SHEET (RULE 91) 
ISA/EP 



WO 97/40639 



PCT/US97/06188 



24. A communication system having a plurality of forward channel 
communications and a plurality of corresponding reverse channel communi- 
cations having long guard periods, T^, between time slots for operating with 
a TDMA protocol where the long guard periods establish long guard period 
distances, D^, comprising, 
5 a plurality of users in a broadcaster zone, 

each of said users including user receiver means for receiving a 
different user forward channel and including user 
transmitter means for broadcasting user reverse channel 
signals in a different user reverse channel, 
10 said plurality of users providing a plurality of different user 

reverse channels each of said user reverse channels 
occupying a different user reverse channel bandwidth in 
a broadcast range, 
one or more collector means each located at a collector location 
in proximity to said broadcaster zone, each of said col- 
lector means including, 

collector receiver means for receiving said 
composite signal including user reverse 
channels from ones of said plurality of 
users, and 

collector forwarding means for forwarding said 
user reverse channels from said ones of 
said plurality of users as collector reverse 
channel signals, 
zone manager means including, 

broadcaster means located at a broadcaster location within said 

broadcaster zone, 
control means for selecting as a user group ones of said plurality 
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of users that are located any arbitrary distance from said 
broadcaster location and that are located within a 
distance, D w , of any one of said collector means, 
broadcaster means including a broadcaster transmitter for 
broadcasting said plurality of user forward channel 
5 signals with a broadcaster range to said user group in 

said broadcaster zone, 
aggregator means for receiving said plurality of corresponding 
reverse channel signals from said collector groups. 

10 25. The communication system of Claim 24 wherein said control 

means selects said ones of said plurality of users and said ones of said plurality 
of collector means such that user reverse channel signals at said collectors are 
isolated. 

15 26. The communication system of Claim 24 wherein said control 

means selects said ones of said plurality of users and said ones of said plurality 
of collectors such that the differences between the sum for each user of the user 
forward channel signals' propagation time from broadcaster to user and the 
corresponding user reverse channel signals' propagation time from user to 

20 collector means for pairs of users having user reverse channel signals active at 
the same collector means does not exceed a synchronization error such that user 
reverse channel signals at said same collector means are isolated for said pairs 
of users. 
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27. The communication system of Claim 26 wherein said control 
means selects said ones of said plurality of users such that each of said users in 
said user group is located at a distance from each of said other users in said user 
group not greater than a distance UR^ where UR^ is a value such that user 
reverse channel signals at said collector means are isolated. 

5 

28. The communication system of Claim 27 having normal guard 
periods, T a , between time slots for operating with a TDMA prot6col where the 
normal guard periods establish a guard period distance, D 0 , wherein said 
distance UR^ is approximately equal to one half the guard period distance D G . 

10 

29. The communication system of Claim 28 wherein said users in 
said user group are located within a circle of radius Do/4. 

30. The communication system of Claim 26 wherein said control 
15 means selects said ones of said plurality of collector means such that each of said 

collectors in said collector group is located at a distance from each of said other 
collector means in said collector group not greater than a distance CR^ where 
CR^, is a value such that user reverse channel signals at said collectors are 
isolated. 

20 

31. The communication system of Claim 30 having normal guard 
periods, T c , between time slots for operating with a TDMA protocol where the 
normal guard periods establish a guard period distance, D 0 , wherein said 
distance CR^ is approximately equal to the guard period distance D 0 . 

25 

32. The communication system of Claim 31 wherein said users in 
said user group are located within a circle of radius Do/2. 
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33. Hie communication system of Claim 26 wherein said aggregator 
means combines the user reverse channel signals for each of said users from a 
plurality of said collector means to form a combined signal where the combined 
signal for each of said users is isolated from the combined signal for each of the 
other users even where the user reverse channel signals at said collectors are not 
5 isolated. 
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34. A communication system for communicating between a network 
and one or more regions with a plurality of network forward channel communi- 
cations from the network and with a plurality of corresponding network reverse 
channel communications to the network, said system including, 

one or more region manager means, one for each of said regions for 
5 controlling communications within a corresponding region where 

each particular region includes a plurality of broadcaster zones, 
for each broadcaster zone, 

a plurality of users, each of said users including user receiver 
means for receiving a different user forward channel and 
10 including user transmitter means for broadcasting user 

reverse channel signals in a different user reverse 
channel, 

said plurality of users providing a plurality of different user 
reverse channels each of said user reverse channels 
15 occupying a different user reverse channel bandwidth in 

a broadcast range, 
a plurality of collector means each located at a collector location 
within said broadcaster zone, each of said collector 
means including, 

20 collector receiver means for receiving said 

composite signal including user reverse 
channels from ones of said plurality of 
users, each of said users forwarding a 
user reverse channel to two or more of 

25 said collector receiver means, and 

collector forwarding means for forwarding said 
user reverse channels from said ones of 



55 



RECTIFIED SHEET (RULE 91) 
ISA/EP 



WO 97/40639 



PCT/US97/06188 



said plurality of users as collector reverse 
channel signals, 
for each broadcaster zone, zone manager means including, 

broadcaster means located at a broadcaster location within said 
broadcaster zone, 

5 control means for selecting as a user group ones of said plurality 

of users that are located any arbitrary distance from said 
broadcaster location and that are located within a 
predetermined distance of any one or more of said 
collector means and for selecting ones of said plurality of 
10 collectors means to form a collector group whereby two 

or more collector means in said collector group receive 
reverse channel signals from each of the same particular 
ones of users, 

broadcaster means including a broadcaster transmitter for 
15 broadcasting said plurality of user forward channel 

signals over a broadcaster range to said user group in 
said broadcaster zone, 
aggregator means for receiving said plurality of corresponding 
reverse channel signals from said collector group, said 
20 aggregator means receiving user reverse channel signals 

for each of the same particular ones of users from two or 
more collector means in said collector group. 

35. The communication system of Claim 34 wherein said control 
25 means selects said ones of said plurality of users and said ones of said plurality 
of collector means such that user reverse channel signals at said collectors are 
isolated. 
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36. The communication system of Claim 34 wherein said control 
means selects said ones of said plurality of users and said ones of said plurality 
of collectors such that the differences between the sum for each user of the user 
forward channel signals' propagation time from broadcaster to user and the 
corresponding user reverse channel signals' propagation time from user to 
5 collector means for pairs of users having user reverse channel signals active at 
the same collector means does not exceed a synchronization error such that user 
reverse channel signals at said same collector means are isolated for said pairs 
of users. 

0 37. The communication system of Claim 36 wherein said control 

means selects said ones of said plurality of users such that each of said users in 
said user group is located at a distance from each of said other users in said user 
group not greater than a distance im^ where UR^ is a value such that user 
reverse channel signals at said collector means are isolated. 

5 

38. The communication system of Claim 37 having normal guard 
periods, T 0) between time slots for operating with a TDMA protocol where the 
normal guard periods establish a guard period distance, D G , wherein said 
distance UR^ is approximately equal to one half the guard period distance D Q . 

) 

39. The communication system of Claim 38 wherein said users in 
said user group are located within a circle of radius Dq/4. 
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40. The communication system of Claim 36 wherein said control 
means selects said ones of said plurality of collector means such that each of said 
collectors in said collector group are located at a distance from each of said 
other collector means in said collector group not greater than a distance CR^ 
where CR^ is a value such that user reverse channel signals at said collectors 

5 are isolated. 

41. The communication system of Claim 40 having normal guard 
periods, T 0) between time slots for operating with a TDMA protocol where the 
normal guard periods establish a guard period distance, D G , wherein said 

10 distance CR^, is approximately equal to the guard period distance D G . 

42. The communication system of Claim 41 wherein said users in 
said user group are located within a circle of radius Dq/2. 

15 43 . The communication system of Claim 36 wherein said aggregator 

means combines the user reverse channel signals for each of said users from a 
plurality of said collector means to form a combined signal where the combined 
signal for each of said users is isolated from the combined signal for each of the 
other users even where the user reverse channel signals received at ones of said 

20 collectors are not isolated. 

44. The communication system of Claim 34 wherein, for a particular 
broadcaster zone, ones of said user transmitter means broadcast in user zones 
that are substantially smaller than said broadcaster zone and wherein a plurality 
25 of said collector means are located within said user zones. 
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45 , The communication system of Claim 34 wherein said broadcaster 
transmitter is controllable for varying the transmission power for each of said 
broadcaster forward channels whereby the transmission power and broadcaster 
range for each broadcaster forward channel is individually controllable. 

5 46. The communication system of Claim 34 wherein said user 

transmitter for each user is controllable for varying the transmission power of 
said user reverse channels whereby the user range for each user is controllable 
for reaching a plurality of said collector means. 

10 47. The communication system of Claim 34 wherein said collector 

forwarding means includes collector transmitter means for transmitting said 
collector reverse channel signals with transmission characteristics that isolate the 
collector reverse channel signals from the user reverse channel signals. 

15 48 ■ ^ communication system of Claim 34 wherein particular user 

reverse channel signals broadcast from a particular user transmitter means are 
received by particular ones of said collector means and wherein said particular 
ones of said collector means each forwards particular collector reverse channel 
signals corresponding to said user reverse channel signals to said aggregator 

20 means and wherein said aggregator means includes aggregator processing means 
for processing said particular collector reverse channel signals from said 
particular ones of said collector means to form said aggregator reverse channel 
signals as a representation of said user reverse channel signals. 

25 49 • The communication system of Claim 48 wherein said aggregator 

processing means is a digital signal processor for processing said particular 
collector reverse channel signals from said particular ones of said collector 
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means to form said aggregator reverse channel signals as a representation of said 
user reverse channel signals. 

SO. The communication Systran of Claim 34 wherein a particular one 
of said users is mobile and travels from a first location to a second location, said 
5 transmitter means for said particular one of said users broadcasting particular 
user reverse channel signals and wherein, 

at said first location, said particular user reverse channel signals are 
received by a first group of particular ones of said collector 
means and wherein each collector means of said first group of 
10 particular ones of said collector means forwards to said 

aggregator means first particular collector reverse channel 
signals corresponding to said particular user reverse channel - 
signals; 

at said second location, said particular user reverse channel signals are 
IS received by a second group of particular ones of said collector 

means and wherein each collector means of said second group 
of particular ones of said collector means forwards to said 
aggregator means second particular collector reverse channel 
signals corresponding to said particular user reverse channel - 
20 signals; 

said aggregator means receives said first and second particular collector 
reverse channel signals and includes aggregator processing 
means for processing said first and second particular collector 
reverse channel signals to form said aggregator reverse channel 
25 signals as a representation of said user reverse channel signals. 
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51. The communication system of Claim SO wheiein said one or 
more of said collector means is common to said first group and said second 
group. 

52. The communication system of Claim SO wherein said user 
5 transmitter means for said particular one of said users broadcast in a user zone 

that is substantially smaller than said broadcaster zone and that moves when said 
particular user moves from said first location to said second location and 
wherein, at said first location, said first group of particular ones of said collector 
means are located within said user zone and wherein, at said second location, 
10 said second group of particular ones of said collector means are located within 
said user zone. 

53 . The communication system of Claim SO wherein said broadcaster 
transmitter is controllable for varying the transmission power for each of said 

15 broadcaster forward channels whereby the transmission power and broadcaster 
range for each broadcaster forward channel is individually controllable, wherein 
when said particular user is at said first location a particular broadcaster forward 
channel has a first power level so that said broadcaster range extends to said first 
location and wherein when said particular user is at said second location said 

20 particular broadcaster forward channel has a second power level so that said 
broadcaster range extends to said second location. 



61 



RECTIFIED SHEET (RULE 91) 
ISA/EP 



WO 97/40639 



PCT/US97/06188 



54. The communication system of Claim 50 wherein said user 
transmitter for said particular user is controllable for varying transmission power 
of a particular user reverse channel for said particular user whereby the user 
range for said particular user is controllable and wherein, when said particular 
user is at said first location, said particular user reverse channel has a first power 

5 level so that said user range extends to said first group of particular ones of said 
collector means and wherein, when said particular user is at said second 
location, said particular user reverse channel has a second power level so that 
said user range extends to said second group of particular ones of said collector 
means. 

10 

55. The communication system of Claim 50 wherein said collector 
transmitter means is a transmitter for transmitting said collector reverse channel 
signals with transmission characteristics that isolate the collector reverse channel 
signals from the user reverse channel signals. 

15 

56. The communication system of Claim 34 wherein said zone 
manager means includes control means for assigning a broadcaster forward 
channel and a user reverse channel for a particular user under control of said 
region manager means. 

20 

57. The communication system of Claim 34 wherein said region 
manager means includes means for assigning forward channels and reverse 
channels with a reuse pattern. 
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58. The communication system of Claim 34 wherein said region 
manager means stores a fixed reuse pattern and said zone manager means 
includes control means for assigning a broadcaster forward channel and a user 
reverse channel for a particular user according to said fixed reuse pattern under 
control of said region manager means. 

59. The communication system of Claim 34 wherein said region 
manager means includes dynamic control means for dynamic channel allocation 
and wherein said zone manager means includes control means for assigning a 
broadcaster forward channel and a user reverse channel for a particular user 
according to said dynamic channel allocation under control of said region 
manager means. 
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60. A communication system having a plurality of forward channel 
signals and a plurality of corresponding reverse channel signals for operating 
with a TDMA protocol having long guard periods, T^, between time slots for 
synchronization transfers where the long guard periods establish long guard 
period distances, D^, and having normal guard periods, T a , between time slots 
j for normal transfers where the normal guard periods establish normal guard 
period distances, D G , comprising, 

a plurality of users in a broadcaster zone, 

each of said users including user receiver means for receiving a 
different user forward channel and including user 
10 transmitter means for broadcasting user reverse channel 

signals in a different user reverse channel, 
said plurality of users providing a plurality of different user 
reverse channels each of said user reverse channels 
occupying a different user reverse channel bandwidth 
IS and said user reverse channels collectively forming a 

composite signal, 
one or more collector means each located at a collector location 
for receiving user reverse channels from one or more of 
said plurality of users, each of said collector means 
20 including, 

collector receiver means for receiving said 
composite signal including user reverse 
channels from ones of said plurality of 
users, and 

25 collector forwarding means for forwarding said 

user reverse channels from said ones of 
said plurality of users as collector reverse 
channel signals, 
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zone manager means including, 

broadcaster means located at a broadcaster location within said 
broadcaster zone, 

control means for selecting ones of said plurality of users to 
form user groups and for selecting ones of said plurality 
of collectors means to form collector groups, 

said control means selecting as one of said user groups ones of 
said plurality of users that are located any arbitrary 
distance from said broadcaster location and that are 
located within a distance, D^,, of any one of said 
collector means, said control means selecting ones of 
said plurality of collector means to form one of said 
collector groups whereby two or more collector means in 
said collector group receive reverse channel signals from 
each of the same particular ones of users, said control 
means controlling transfers to said users in said one of 
said user groups with the long guard period for 
synchronization transfers and with the normal guard 
period for normal transfers, 

said control means selecting said ones of said plurality of users 
and said ones of said plurality of collectors such that the 
differences between the sum for each user of a user 
forward channel signal propagation time from 
broadcaster to user and a corresponding user reverse 
channel signal propagation time from user to collector 
means for pairs of users having user reverse channel 
signals active at the same collector means does not 
exceed a synchronization error such that user reverse 
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channel signals at said same collector means are isolated 
for said pairs of users, 
said control means selecting said ones of said plurality of users 
such that each of said users in said one of said user 
groups is located at a distance from each of said other 
5 users in said one of said user groups not greater than a 

distance UR^ where UE^ is a value such that user 
reverse channel signals at said collector means are 
isolated and wherein said distance URmax is 
approximately equal to one half the guard period distance 

10 D 0 , 

broadcaster means including a broadcaster transmitter for 
broadcasting said plurality of user forward channel 
signals with a broadcaster range to said user group in 
said broadcaster zone, 

1 5 aggregator means for receiving said plurality of corresponding 

reverse channel signals from said collector means, said 
aggregator means receiving user reverse channel signals 
for each particular user from two or more collector 
means in said collector group to form two or more 

20 aggregator received signals for each particular user, said 

aggregator means combining said two or more 
aggregator received signals to form a single combined 
signal for each particular user. 
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61 . A communication system having a plurality of forward channel 
signals and a plurality of corresponding reverse channel signals for operating 
with a TDMA protocol having long guard periods, T^, between time slots for 
synchronization transfers where the long guard periods establish long guard 
5 period distances, D w , and having normal guard periods, T G , between time slots 
for normal transfers where the normal guard periods establish normal guard 
period distances, D 0 , comprising, 

a plurality of users in a broadcaster zone, 

each of said users including user receiver means for receiving a 
10 different user forward channel and including user 

transmitter means for broadcasting user reverse channel 
signals in a different user reverse channel, 
said plurality of users providing a plurality of different user 
reverse channels each of said user reverse channels 
15 occupying a different user reverse channel bandwidth 

and said user reverse channels collectively forming a 
composite signal, 
one or more collector means each located at a collector location 
for receiving user reverse channels from one or more of 
20 said plurality of users, each of said collector means 

including, 

collector receiver means for receiving said 
composite signal including user reverse 
channels from ones of said plurality of 
25 users, and 

collector forwarding means for forwarding said 
user reverse channels from said ones of 
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said plurality of users as collector reverse 
channel signals, 
zone manager means including, 

broadcaster means located at a broadcaster location within said 
broadcaster zone, 

control means for selecting ones of said plurality of users to 
form user groups and for selecting ones of said plurality 
of collectors means to form collector groups, 

said control means selecting as one of said user groups ones of 
said plurality of users that are located any arbitrary 
distance from said broadcaster location and that are 
located within a distance, D^, of any one of said 
collector means, said control means selecting ones of 
said plurality of collector means to form one of said 
collector groups whereby two or more collector means in 
said collector group receive reverse channel signals from 
each of the same particular ones of users, said control 
means controlling transfers to said users in said one of 
said user groups with the long guard period for 
synchronization transfers and with the normal guard 
period for normal transfers, 

said control means selecting said ones of said plurality of users 
and said ones of said plurality of collectors such that the 
differences between the sum for each user of a user 
forward channel signal propagation time from 
broadcaster to user and a corresponding user reverse 
channel signal propagation time from user to collector 
means for pairs of users having user reverse channel 
signals active at the same collector means does not 
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exceed a synchronization error such that user reverse 
channel signals at said same collector means are isolated 
for said pairs of users, 
said control means selecting said ones of said plurality of 
collector means such that each of said collectors in said 
5 one of said collector groups is located at a distance from 

each of said other collector means in said one of said 
collector groups not greater than a distance CR^ where 
CRnn is a value such that user reverse channel signals at 
said collector means are isolated and wherein said 

10 distance CR^x is approximately equal to the guard 

period distance D a , 
broadcaster means including a broadcaster transmitter for 
broadcasting said plurality of user forward channel 
signals with a broadcaster range to said user group in 

15 said broadcaster zone, 

aggregator means for receiving said plurality of corresponding 
reverse channel signals from said collector means, said 
aggregator means receiving user reverse channel signals 
for each particular user from two or more collector 

20 means in said collector group to form two or more 

aggregator received signals for each particular user, said 
aggregator means combining said two or more 
aggregator received signals to form a single combined 
signal for each particular user. 

25 



69 



RECTIFIED SHEET (RULE 91) 
ISA/EP 



WO 97/40639 



PCT7US97/06188 



62. A method of operation in a communication system where the 
communication system includes, 

a plurality of forward channel signals and a plurality of corresponding 

reverse channel signals, 
a plurality of users in a broadcaster zone, 
5 each of said users including user receiver means for receiving a 

different user forward channel and including user 
transmitter means for broadcasting user reverse channel 
signals in a different user reverse channel, 
said plurality of users providing a plurality of different user 
10 reverse channels collectively as a composite signal, 

a plurality of collector means distributed in proximity to said 
broadcaster zone at spaced-apart locations, each of said collector 
means including, 

collector receiver means for receiving said composite 
j5 signal with reverse channel signals from ones of 

said plurality of users, and 
collector forwarding means for forwarding said user 
reverse channel signals from said ones of said 
plurality of users as collector reverse channel - 
20 signals, 

zone manager means including control means, broadcaster means 
having a broadcaster transmitter and aggregator means, 

said method comprising: 

selecting with said control means ones of said plurality of users to form 

25 a user group, 

selecting with said control means ones of said plurality of collectors 

means to form a collector group, 
broadcasting, with said broadcaster transmitter, said plurality of user 
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forward channel signals over a broadcaster range to said user 
group in said broadcaster zone, 
receiving in said aggregator means said plurality of corresponding 
reverse channel signals from said one or more collector means. 



71 



RECTIFIED SHEET (RULE 91) 
ISA/EP 



WO 97/40639 PCT/US97/06188 

1/8 




WO 97/40639 



PCT/US97/06188 



2/8 



FRAME 



4.615 X 10 



GSM 


TS 


TS 


TS 


TS 


TS 


TS 


TS 


TS 


TDMA 


0 


1 


2 


3 


4 


5 


6 


7 



FIG. 2 



TS 



TS 
LONG 
GP 



TS 
NORMAL 



15625 bits = 577 X W s 



SYNCHRONIZATION/DATA 


GP 




88 


6825 




251.8425 -*■] 


DATA/SEQUENCE 




GP 


148 




825 



IS136 

TDMA 

FRAME 



1944 bits =40XlO" 3 s 



TS 


TS 


TS 


TS 


TS 


TS 


1 


2 


3 


4 


5 


6 



FIG. 3 



TS 



324 bits = 6.6667 X 10 " J s- 



LONG 


G 


R 


SYNCHRONIZATION/DATA 


R 


AG 


GP 


6 


6 




6 


38 



TS 
NORMAL 



GR 



DATA/SEQUENCE 



WO 97/40639 



3/8 



PCT/US97/06188 




WO 97/40639 



PCT/US97/06188 




WO 97/40639 



5/8 



PCT/US97/06188 





WO 97/40639 



6/8 



PCT7US97/06188 




WO 97/40639 



7/8 



PCT/US97/06188 




WO 97/40639 



8/8 



PCT/US97/06188 




INTERNATIONAL SEARCH REPORT 



International * cation No 

PCT/US 97/96188 



A CLASSIFICATION OF SUBJECT MATTER 

IPC 6 H04Q7/36 



According to International Patent Claaaifiaatfcin (IPC) or to both national oiassifi cation and IPC 



8. FIELDS SEARCHED 



Mrtmiim documentation searched (ola*a*tcation system followed by classification ayrnbors) 

IPC 6 H04Q H04B H04J 



Documentation searched other than rnimrrrum documentation to tha extent that aueh documents am inciudad in tha holds 



Electronic data basa ooneuted during tha intamational aaamh (name of data basa and, whara practical, saamh terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Caiagory • Citation of document, with indication, where apprapriate, of the relsvant pasaagas 



-/- 



Relevant to criairn No. 



| X| Ftjrth#r docurnems are feted in the continuation of box C. 
of dted documertti : 



[X*| Pal0nt iairi) * members are sited in anna* 



A" <tooun^definlf»gthegener»Jataiacfthea^ 
eonwdend to be of particular relevance 

E * *£ li * r dPOUm * ftt *»* Pubhthod on or after the iraarnational 
rang date 

V d !3" n ? nt "^ n 5fi?°r doijbtl 00 P™*** caim(i) or 
whwh » cited to establish the pubfioation date of another 
citebon or other opeciaJ reason (as spactfted) 

°" <tocurn^rsfefrmgtoan^ 



' later document published after the international filing data 
or priority date and not in conflict with tha application but 
-=M Itoundarstand the principle or theory underlying the 



*P- d°«™nt P^thedprior to the intstnationaJnang date but 
laterthan tha pnority data claimed 



•X* docurns*cfp«touJafreleva^ 

cannot be considered novel or cannot be oonaidared to 
»woive an kwenbve itep when tha docurnant ie taken alone 
•V document of particular retevanoa, me daenadsivention 

cannot be ccnsio^ to grvoVa an inventive step when tha 
cjocumem rs oomonad wih one or more other such doeu- 
bi^auch combination being cfavious to a person stalled 
k art. 



Dale of tha actual compi«ban of the international •earoh 

30 September 1997 


Data of mating of the ntemabonaJ search report I 

- 9. !0. 97 I 




Authorized officer I 


European Patent Office, P.6. 581 8 Patenttaan 2 




NL-2280HVRijawfk 




Tel. (+31-70) 340-2040, Tx. 31 651 epo nL 


Zanti, P 


Pax (+31-70) 340-3016 





page 1 of 3 



INTERNATIONAL SEARCH REPORT 



International . Icatlon No 

PCT/US 97/06188 



0(Conlinu«tion) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of dooument, with in dioatkm, where appropriate, of the relevant paaaages 


Relevant to olaim No. 


Y 


EP 0 673 177 A (OKI ELECTRIC INDUSTRY 


1-4,10, 




COMPANY.) 20 September 1995 


12, 




14-16, 






22, 






34-37, 






43-59,62 


A 


see column 1, line 5-10 


5-9,11, 






13, 






17-21, 






23-33, 






38-42, 






60,61 




see column 4, line 1-51 






see column 7, line 4 - column 16, line 17 






see column 18, line 22 - column 20, line 






18 






see column 22, line 45 - column 35, line 






14 






see column 39, line 55 - column 45, line 






16 




Y 


— 

WO 94 26074 A (AIRTOUCH COMMUNICATIONS) 10 


1-4,10, 




November 1994 


12, 






14-16, 






22, 






34-37, 






43-59,62 


A 


see page 1, line 5-8 


5-9,11, 




13, 






17-21, 






23-33, 






38-42, 






66,61 




see page 6, line 35 - page 7, line 23 






see page 8, line 21 - page 31, line 27 




A 


US 5 299 198 A (KAY ET AL.) 29 March 1994 


1,5-9, 




11-13, 






17-21, 






23-34, 






38-42, 






60,61 




ABSTRACT 






see column 6, line 46 - column 27, line 28 




A 


EP 0 689 303 A (ALCATEL BELL-SOT) 27 


1,5-9, 




December 1995 


11-13, 






17-21, 






23-34, 






38-42, 






60,61 




see column 1, line 1 - column 3, line 22 






see column 3, line 35 - column 7, line 1 











Fotm PCT/tSA/210 <oontmu*tian ot •aoond sheet) (Jury 1992) 



page 2 of 3 



INTERNATIONAL SEARCH REPORT m.^ scauonNo 

PCT/US 97/06188 


(^Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 


Catagny* 


Citation of document, with indication, where appropriate, of the relevant passages 


Ratovairt to claim No. 


A 


WO 91 G8660 A (MOTOROLA) 10 January 1991 

see page 1, line 6 - page 2, line 21 
see page 3, line 25 - page 4, line 13 
see page 5, line 4 - page 7» line 13 

0 (oanbnuaftton ci taconri ahMll (JlAu lQc»t 


1,5,8, 
11-13, 
17,20, 
23,24, 
28,31, 
34,38, 
41,60,61 



page 3 of 3 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



International Iteatton No 

PCT/US 97/06188 



Patent document 


Publication 




Patent family 




Publication 


cited in search report 


date 




memberfe) 




date 


EP 673177 A 


20-O9-95 


ID 

Jr 


1 OAO,rt97 

13U94cV 


A 
A 


10 19 on 
13-12-09 




ID 

Jr 




I 


io no oc 




ID 


7A.C71 fi£ 
/UD/loD 


D 
D 


1 Q fl7 oc 




ID 

Jr 


1011 C9Q 
131l020 


A 

A 


1 e io on 

10-12-09 




1 D 

Jr 


2032011 


t 


1A AO DC 

19-03-90 




ID 

Jr 


/Uo/lo/ 


D 
D 


ID A7 DC 

19-0/ -90 




ID 
Jr 


1011 con 

1311029 


A 


ic.-i9 no 
lo-it-oy 




ID 

Jr 


1011 COfi 

1311630 


A 

A 


1C 19 DO 




1 D 

Jr 


1 0 1 1 CO 1 

1311631 


A 

A 


1 C 19 OA 

15-12-89 




1 D 

Jr 


1 O 1 1 c oo 

1311632 


A 


nc 19 on 

15-12-89 




1 A 

Jr 


19592/9 


I 


1 O AD AC 

18-09-95 




1 D 

Jr 


6103947 


B 


1 A lO AA 

14-12-94 




i n 
JP 


1 O 1 1 c oo 

1311633 


A 


if in on 

16-12-89 




JP 


1969Z8Q 


ft 
L 


1 o f\fs n e 

18-09-95 




i n 
JP 


C 1 ft *5 ft il O 

6103948 


6 


l a i o n ii 

14-12-94 




JP 


101 1 CO A 

1311634 


A 

A 


i c i o on 
15-12-89 




JP 


1969281 


C 


1 O Oft ft c 

18-09-95 




JP 


f1 ft 1ft il ft 

6103949 


B 


14-12-94 




JP 


1311635 


A 


15-12-89 




JP 


6103946 


B 


14-12-94 




JP 


1311636 


A 


15-12-89 




JP 


1969282 


ft 

C 


1 O ft ft ft r 

18-09-95 




JP 


6103847 


B 


14-12-94 




DE 


68925706 


D 


28-03-96 




DE 


68925706 


T 


n i ft ft r 

17-10-96 




EP 


0345601 


A 


i *i i ft on 

13-12-89 




US 


f ft n ftftft ^ 

5058201 


A 


15-10-91 


WO 9426074 A 


10-11-94 


us 


5504936 


A 


02-04-96 




us 


5479397 


A 


26-12-95 


US 5299198 A 


29-03-94 


us 


5357513 


A 


18-10-94 




us 


5475689 


A 


12-12-95 




us 


5513183 


A 


30-04-96 




us 


5633873 


A 


27-05-97 




us 


5537509 


A 


16-07-96 



EP 689303 A 27-12-95 NONE 

WO 9100660 A 10-01-91 AT 150239 T 15-03-97 



Fomi PCT/tSA/21 D (potent tamily annex) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Patent document 
cited in search report 



Publication 
date 



International ((cation No 

PCT/US 97/06188 



Patent family 
members) 



Publication 
date 



WO 9100660 A 



AU 


632350 B 


24-12-92 


AU 


5952290 A 


17-01-91 


CA 


2063421 A 


27-12-98 


DE 69030185 0 


17-04-97 


DE 69830185 T 


04-09-97 


EP 


0479950 A 


15-04-92 


ES 


2098277 T 


01-05-97 


IL 


94773 A 


11-11-94 


JP 


4505994 T 


15-10-92 


KR 


9407670 8 


22-08-94 



Form PCT/lSA/210 (potent lamdr wm| (July 1992) 



page 2 of 2 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



UX FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS ' 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHD3IT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




THIS PAGE BLANK (usero) 



